AMS-02 Cryogenic Magnet Suspension Straps

Fracture Analysis of Clevises

S T
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Material:

NASA/FLAGRO Crack case type:

Section Properties:
Plate thickness
Plate width
Hole diameter

Crack Properties:

Loads:

Strap load (cryo)
Load per side on clevis

6061-T651 (-452F)
CCo3

t=0.63 in.
w=3.0in.
D=0.75in.

a=0.10 in.( dye penetrant inspection)
¢ =0.10in.
ac=1.0

f = 22099 lbs (ref. Model 6-01 loads)
Paxial = 22099/2 = 11050 Ibs




Prepared By Name/Date ‘%’ Page/Section  |File Name
Saike Wang No, 2 Cryoclavis_ff
4/4/02 LOCKHEED MARTIN
Science, Engineering, Analysis, &| Drawing No. SCD0678

Checked By

Teast

Machanical Systems Analysig Department. .

Title AMS-02 Magnet strap Clevis |Cryo)
Section F-F
Stress:
Axial Stress 53 =P/Dt

S3 = 11050/0.75%0.63 = 23.386 ksi

This C1W1 strap attaches to the clevis on the Race track end frame. (Ref drawing

SCD0825, sheet 2 section C-C)
This clevis is at cryogenic temperature (-452F) for Truck transportation, Air
transportation, On - Orbit condition and Launch/Landing conditions. The Flagro analysis

uses the truck, Air, On-Orbit and Launch/Landing case spectrums at cryo temp.
The material data used is from code M6ACL3AB]1 from the NASGRO library, except

that the UTS and YS are changed as per the material property for the 6061-T651 material
as per OIE205 Rev.d , page 24.

The truck, air, on orbit spectrums are run for 1 mission with a scatter factor of 4 and the
Launch/Landing spectrum is run for 3 missions with a scatter factor of 4. Dye penetrant
inspection is used to inspect the clevis, and the standard dye penetrant crack size a=0.10

in. and ¢ =0.10 in. is used. (Ref. JISC22267A, table 2).
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FATIGUE CRACK GROWTH ANALYSIS

DATE: 03/28/02 TIME: 12:17:48
|computed: NASGRD Version 3.0.4, Jan 2000.)
U.S. customary unitg [inches, ksi, ksl sgrtlin)]

PROBLEM TITLE

¥=F lug With cold Launch and Landing for AMS-02 Magnet strapsa
[Ref. Drg. SCDDB25, sht 2, Sact C-C)

Crack Growth Model: Non Interaction
Eguation/Table : NASGRO Eguation

GEOMETRY

MODEL: CC03-Corner crack from hole in lug (2D).

Plate Thickness, t = 0.6300
Plate Width, W = 3.0000
Hole Diameter, D = 0.7500

FLAW SIZE |Standard NASA JSC NDE) :
Mathod of Inspection: Dya Panatrant

0.1000
0.1000
1.000

a linit.)
c linit.)
a/c¢ |init.)

I

MATERIAL

MATL 1: Edited file data ~2211
~2221

Material Header Info.:

Material 1 Data ID: M6AC13AB1
Alloy Description : 6061-T651 ~2611
Alloy Cond/HT : Plt; L-T & T-L
~2621
Product Form : ~263

Environment : ~264
1

Specimen Type

Specimen Orientation

Specimen Thickness

Specimen Width

Specimen Test Freguency :

Data Reference

Material Properties:
:Matl: UTS : YS : Kle : Kle : Ak : Bk : Thk : Ke¢ : Keac

No.:

1 : 53.7: 39.0: 38.0: 27.0: 1.00: 1.00: D0.630: 47.5:

tMatl:--=——--=—=——————- Crack Growth Egn Constants ----—------——eeeae—-:
No.: c : n : p: g : DKo : Cth+ :Cth- : Rcl:Alpha:Smax/:

: : : : : : :SIGo
: 1 :0.133D-06:2.248:0.50:1.00: 3.50: 1.50: 0.10:0.70: 1.50: 0.30:
[Raf. OIE205 Rev.D, page 25 for UTS and ¥S for 6061-T6, 250 mm thick)
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F-F lug With cold Launch/Landing
MODEL: CCO03

FATIGUE SCHEDULE BLOCK INFUT TABLE

Four Blocks OF VCMAGNET -

[Note: Stress = Input Value * Scale Factor]

Stress Scaling Factors for Block Case: 1 |TRUCK3-VCMAGNET)

Scale Factor for Stress S83: D.23386 |Raf. Cryoclevia_ f£f.doc, page 1)
Stress Scaling Factors for Block Case: 2 [ATR3~VCMAGNET)

Scale Factor for Stress S3: 0D.23386

Stress Scaling Factors for Block Casze: 3 [ONORBITZ2-VCMAGNET)
Scale Factor for Stress S3: D.23386

Stress Scaling Factors for Block Case: 4 IGSFC-VCMAGNET)

Scale Factor for Stress 83: D.23386

Schedule info. was input manually
Total No. of Blocks in Schedule = 24

Block Number and Case Correspondences

Block Number Block Case No.
From - To

1 - 4 1

5 - a 2

9 - 12 3

13 - 24 4

F-F lug With All of Cold
MODEL: CCD3

FATIGUE SCHEDULE BLOCK INPUT TABLE

Four Blocks OF VCMAGNET ~

BLOCK CASE NO. 1

S ' M NUMBER : S3 H 5 :
T : A: OF : : H
E : T: FATIGUE : H :
P L CYCLES : (£l) : (£2) : [tl) : (t2) :
1: 1; 1757.00 36.70 5.60: 36.70 5.60:
2: 1: 2148.00 30.10 6.40 30.10 65.40:
3: 1: 13668.00 - 25.50: 6.90: 25.50 5.90:
4: 1: 38857.00 : 21.90: 7.30 21.590 7.30:
5: 1: 110517.00 : 19.50: 7.50 19.50 7.50:
6: 1: 150546.00 : 17.80: 7.70: 17.80 7.70:
7: 1: 195456.00 : 16.50: 7.90 15.50 7.90;:
8: 1: 1440631.00 : 15.90: 7.90: 15.90 7.90
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Environmental Crack Growth Check for Sustained Stresses
(Kmax less than Keac): NOT SET

BLOCK CASE NO. 2

5 : M: NUMEER H sS3 : S
T : A: QF : :
E T: FATIGUE H H
P L CYCLES : el) = (t2) : lel) :  [t2)
1: 1: 17832.00 : 43.10; 4.50 43.10 4.90:
2: 1: 594.00 : 43.10: 4.90: 43.10 4.90:
3: 1: 695448.00 : 22.60: 7.20: 22.60: 7.20:
4: 1: 30.00 : 43.10: 4.90 43.10 4.90
5: 1: 17832.00 43.10: 4.90 43.10: 4.90
Environmental Crack Growth Check for Sustained Stresses
|[Kmax less than Keac): NOT SET
BLOCK CASE NO. 3
S i1 M NUMBER H 83 : 5
T : A: OF : H
E T: FATIGUE H :
P L CYCLES : (tl) :  (t2) : l€l) (E2)
1: 1 34.00 14.10 B.50: 14.10 B.5D
2: 1 34.00 : 13.90: B.50 13.90 8.50
3: 1 650.00 : 13.70: 8.50 13.70 8.50
4: 1: 179.00 : 13.50: B8.50: 13.50 B.50D
5: 1: 117.00 : 14.10: 8.50: 14.10 8.50
6: 1: 414.00 - 13.90: 8.50: 13.90 B.50
7: 1 2404.00 : 13.70: 8.50 13.70 B.50:
B: 1 9789.00 : 13.50: B.50D: 13.50D 8.50
9: 1 62675.00 : 13.40: B.50: 13.40: B.50
Environmental Crack Growth Check for Sustained Stresses
|[Kmax less than Keac): NOT SET
BLOCK CASE NO. 4
S : M: NUMBER H 83 : S
T : A: OF : :
E : T: FATIGUE : H
P L CYCLES : tl) : (£2) H lel) : (£2)
1: 1: 2.00 96.10 3.90: 96.10 3.90:
2: 1: 4.00 88.10 4.30 B8.10 4.30;
3: 1: 8.00 B0.0OD 4.80: B80.00 4 _BD:
4: 1: 15.00 : 72.00 5.20: 72.00 5.20;:
5: 1: 49.00 64 .00 5.60 54.00 5.60:
6: 1: 81.00 : 55.90: 6.00 55.90 6.00:
7: 1: 178.00 47.90: 65.40 47.90 6.40:
B: 1: 641.00 : 39.90: 65.80 39.90 65.80:
9. 1: 3120.00 : 31.90: 7.20 31.90 7.20
10: 1: 3405.00 ; 23.80: 7.60: 23.80 7.60:
11: 1: 5019.00 : 21.40: 7.80 21.40 7.80:
12: 1: 28853.00 : 19.80: 7.80 19.80 7.80
13: 1: 91655.00 : 18.20: 7.50: 18.20 7.90:
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Environmental Crack Growth Check for Sustained Stresses
|[Kmax less than Keac): NOT SET

F-F lug With All of Cold
MODEL: CCD3

FATIGUE SCHEDULE BLOCK STRESS TABLE

Four Blocks OF VCMAGNET -
S5 : M: NUMBER : 53 : s
T : A: OF : :
E T: FATIGUE : |ksi) : lksi)
P L CYCLES : (£1) : [£2) : [€l) (£2)
1: 1: 1757.00 8.58: 1.31: 0.00: 0.00:
2: 1: 2148B.00 7.04: 1.50: 0.00: 0.00:
3: 1: 13668.00 5.96: 1.61: 0.00: 0.00:
4;: 1: 38857.00 5.12 1.71: 0.00: D.00:
5: 1: 110517.00 4.56 1.75: 0D.00: 0.00:
6: 1: 150546.00 4.16: 1.80: D.00: D.00:
7: 1: 195456.00 3.86: 1.85: 0.00: 0.00:
B: 1: 1440631.00 3.72: 1.85: D.0D: D.00:
Environmental Crack Growth Check for Sustained Stresses
|[Kmax less than Keac): NOT SET
F-F lug With All of Cold
MODEL: Cc03
FATIGUE SCHEDULE BLOCK STRESS TABLE
Four Blocks OF VCMAGNET -~
s T M NUMEBER : s3 H S
T : A: OF : :
E T FATIGUE H |ksi) H |ksi)
P L CYCLES : tl) :  1t2) : €1l) :  1t2)
1: 1 17832.,00 : 10.08 1.15: 0.00: 0.00:
2: 1 594.00 10.08: 1.15: 0.00: 0.00:
3: 1: 595448.00 : 5.29; 1.68;: D.00: 0.00:
4: 1: 30.00 : 10.08: 1.15: 0.00: 0.00;:
5: 1 17832.00 10.08: 1.15: 0.00: 0.00
Environmental Crack Growth Check for Sustained Stresses
|[Kmax less than Keac): NOT SET
F-F lug With All of Cold
MODEL: CCO03
FATIGUE SCHEDULE BLOCK STRESS TARBLE
Four Blocks OF VCMAGNET ~
S : M: NUMBER : 83 : s
T : A: OF : H
E : T: FATIGUE H [ksi) H (ksi)
P L: CYCLES H tl) : [£2) : [tl) : [t2)
1: 1: 34.00 3.30: 1.99: D.00 0.00:
2: 1 34.00 3.25: 1.99 0.00 0.00:
3: 1: 60.00 3.20: 1.99 0.00 0.00;:
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Environmental Crack Growth Check for Sustained
[Kmax less than Keac):

o odadnh

[

179.
117.
414.
2404.
9789,
62675 .

00
00
00
00
0o
00

FF-clevis-all-cold

b W W W W

NOT SET

F-F lug With All of Ccold
MODEL: CC03

.16:
.30:
.25
.20
.16
213

FATIGUE SCHEDULE BLOCK STRESS TABLE

Four Blocks OF VCMAGNET

Envirommental Crack Growth Check for
|[Kmax less than Keac):

RFRBERRRRERERERRRP

NUMEER
OF

FATIGUE

CYCLES

3120.00
3405.00
5019.00
28853.00
91655.00

53

lkgi)

tl)

NOT SET

F-F lug With All of Cold

MODEL:

cco3

ANALYSIS RESULTS:

Schdl Block

FRRPRPPRERRERPRPRPBR

Step

W m d oy U LY

el el
WP o

Cycles

1953580.
3907160.
5860740.
7814320,
B546056.
9277792,
10009528.
10741264.
10816970.
10892676,
10968382,
11044088.
11177118.

Lo e e i o e B Y e B o T e B o T s B e B e |

K max

.00:

1.99: 0.00: 0
1.99;: 0.00: 0.00D:
1.99: 0.00: 0.00:
1.99: 0.0D: 0.00;
1.99: 0.00: 0.00:
1.99: D.0D: D.00:
Stresses

s

(ksi)

(£2) 1) =« [t2)
0.91; D.00: 0.00:
1.01: D.00: 0.00:
1.12: 0.00: 0.00;
1.22: 0.00: 0.00:
1.31: 0.00: 0.00:
1.40: 0.00: 0.00:
1.50: D.00: D.00:
1.59: D.00: 0.00:
1.68: 0.00: 0.00:
1.78: D.00D: 0.00:
1.82: D.0D: D.00:
1.82: D.00: 0.00:
1.85; 0.00: 0D.00:
Sustained Stresses

Final Flaw Size

a c a-tip
.10063 D0.10000 4.499
.10127 0.10000 4.501
210191 0.10000 4.503
.10255 0.10000 4.505
.13272 0.10814 5.459
.16684 0.12239 5.655
.20555 0.14070 5.865
.24911 0.16216 6.062
24911 D.16216 1.983
.24911 D0.16216 1.983
.24911 0.16216 1.983
24911 0.16216 1.983
.25170 D0.16298 13.517

4/10/02

c-tip

[

HF R PR RSO DS WWW

.336
.348
.360
-372
.386
.658
.859
.011
.639
.639
.639
.639
174
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1 14 11310148. 0.25429 0.16381
1 15 11443178. 0.25689 0.16464
1 16 11576208. 0.25951 0.16548
1 17 11709238. 0.26214 0.16633
1 19 11842268. 0.26477 0.16719
1 19 11975298. 0.26742 0.16B06
1 20 12108328. 0.27008 D.16893
1 21 12241358. 0.27275 0.16982
1 22 12374388. D.27543 0.17071
1 23 12507418. 0.27812 0.17161
1 24 12640448. 0.28083 0.17251

FINAL RESULTS:
Critical Crack Bize has NOT besn reached.

at Cycle No. 91655.00

of Load Step No. 13 Description: None
of Block No. 24

of Schedule No. 1

Crack Sizes: a = 0.2808256 , © = D0.172512

Total Cycles = 12640448.

13
13

13,

13
13

13.
13.
13.

13
13

1

.530D
.543
556
.569
.582
.595
609
622
635
. 648
.662

a/e

11.
11.
11.
11.
11.
11.
11.
11.
11.
11.
11.

= 1.

4/10/02

204
234
263
292
321
349
377
405
432
459
486

6279
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Science, Enginesring, Analysis, &| Drawing No. SCD0678

Checked By KELAJ L/%! ID/
D&

Test
Mechanical Systems Analysis Department.

Title

AMS-02 Magnet Strap Clevis (Cold).
Section F-F.

Material:
NASA/FLAGRDO Crack case type:

Section Properties:
Plate thickness
Plate width
Hole diameter

Crack Properties:

Loads:
Strap load (cryo)
Load per side on clevis

6061-T651 (-452F)
CCo3

t=0.63 in.
w = 3.0 in.
D =0.75 in.

a = 0.10 in.( dye penetrant inspection)

c=0.10in.
ac=1.0

f=22099 lbs (ref. Model 6-01 loads)

Paxial = 22099/2 = 11050 lbs
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Checked B Science, Engineering, Analysis, &| Drawing No. S5CD0578
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4/‘}/0 o Mechanical Systems Analygis Department.

Title AMS-02 Magnet strap Clevis [Cold)
Section F-F
Stress:
Axial Stress S3 =P/Dt

53 =11050/0.75%0.63 = 23.3806 ksi

This C1W1 strap attaches to the clevis on the Race track end frame. (Ref drawing

SCD08235, sheet 2 section C-0)

This clevis is at cryogenic temperature (-452F) for Truck transportation, Air

transportation, On - Orbit condition and Launch conditions. The Flagro analysis uses the

truck, Air, On-Orbit and Launch case spectrums at cryo temp.
The material data used is from code M6AC13AB1 from the NASGRO library, except

that the UTS and YS are changed as per the material property for the 6061-T651 material

as per OIE205 Rev.d , page 24.

The truck, air, on orbit spectrums are run for 1 mission with a scatter factor of 4 and the

Launch spectrum is run for 3 missions with a scatter factor of 4. Dye penetrant inspection

is used to inspect the clevis, and the standard dye penetrant crack size a=0.10in. and c
= 0.1D in. is used. (Ref. JSC22267A, table 2).
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FATIGUE CRACK GROWTH ANALYSIS
DATE: 03/28/02 TIME: 12:32:21
[computed: NASGRO Version 3.0.4, Jan 2000.)
U.S. customary units [inches, ksi, ksi sqrtliin)]

PROELEM TITLE

F-F lug with Cold launch AMS-02 Magnet straps
[Ref. Drg SCD0825, sht 2, sect C-C)
Crack Growth Model: Non Interaction
Equation/Table : NASGRO Eguation

GEOMETRY

MODEL: CC03-Corner crack from hole in lug (2D).

Plate Thicknegs, t = 0D.6300
Plate wWidth, W = 3.0000
Hole Diameter, D = 0.7500

FLAW SIZE (Standard NASA JSC NDE):
Mathod of Ingpection: Dys Penetrant

a [init.) = 0.1000
o] (init.) 0.1000
a/c (init.) 1.000

MATERIAL

MATL 1: Edited file data ~2211
~2221
Material Header Info.:

Material 1 Data ID: M6ACI3ABI
Alloy Description : 6061-T651
~2611
Alloy Cond/HT : Plt; L-T & T-L ~2621
Product Form : ~2631

Environment ; ~2641
Specimen Type

Specimen Orientation

Specimen Thickness

Specimen Width

Specimen Test Frequency

Data Reference

Material Properties:

:Matl: UTS : YS : Kle : Klc : Ak : Bk : Thk : K¢ : Keac
N0¢: - . . . - - - -

1 : B53.7: 39.0: 38.0: 27.0; 1.00: 1.00: 0.630: 47.5:

tMatl:-—-—---------——- Crack Growth Egn Constants ----------—=—-——-—---= :
No.: C : n : p: g : DKo : Cth+ :Cth- : Rcl:Alpha:Smax/:

1 :0.133D-06:2.248:0.50:1.00: 3.50: 1.50; 0.10:0.70: 1.50: D.30;:
[Ref. DOIE205 Rev.D, page 25 for UTS and YS for 6061~-T6, 250 mm thick)
F-F lug with Cold Launch
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MODEL: CCO03
FATIGUE SCHEDULE BLOCK INPUT TAELE

Four Blocks OF VCMAGNET -

[Note: Stress = Input Value * Scale Factor]

Stress Scaling Factors for Block Case: 1 | TRUCK3 -VCMAGNET )
Scale Factor for Stress 53: 0D.23386 [Ref. Coldclevia_ff.doc, page 2)
S5tress Scaling Factors for Block Case: 2 (AIR3~-VCMAGNET)

Scale Factor for Stress S3: 0.23386

Stress Scaling Factors for Block Case: 3 |ONORBIT2-VCMAGNET)
Scale Factor for Stress 53 0.23388

Stress Scaling Factors for Block Case: 4 [LIFTOFF-0ONLY)
Scale Factor for Stress 53: 0.23386

Schedule info. was input manually
Total No. of Blocks in Schedule = 24

Block Number and Case Correspondences

Block Number Block Case No.
From - To
1 - 4 1
5 - a 2
] - 12 3
13 - 24 4

F-F lug With Cold Launch
MODEL: CC03

FATIGUE SCHEDULE BLOCK INPUT TABLE

Four Blocks OF VCMAGNET it

BLOCK CASE NO. 1

S : M: NUMBER H S3 H S

T : A: OF H H

E : T: FATIGUE : :

P L: CYCLES : (t1l) - 1t2) H [€l) : [£2)
1: 1: 1757.00 36.70 5.60 36.70 5.60:
2: 1 2148.00 30.10 6.40 30.10 65.40:
3: 1: 13668.00 : 25.50: 6.90: 25.50 6.90:
4: 1: 38B57.00 : 21.90: 7.30: 21.90: 7.30:
5: 1: 110517.00 : 19.50: 7.50: 19.50: 7.50:
6: 1: 150546.00 : 17.80: 7.70: 17.80: 7.70:
7: 1: 195456.00 16.50: 7.90;: 16.50: 7.90:
g: 1 1440631.00 ; 15.90: 7.90: 15.90: 7.90

Environmental Crack Growth Check for Sustained Stresses
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|IKmax less than Keac):

BLOCK CASE NO. 2

NUMBER
OF

FATIGUE

CYCLES

594.
695448,
30.
17832.

FF-clevis-cold-launch

NOT SET

S3

tl)

1t2)

(£1)

(£2)

Environmental Crack Growth Check for Sustained Stresses

(Kmax less than Keac):

BLOCK CASE NO. 3

W ~Jo s Wk

I e e T = = S =

NUMEER
OF

FATIGUE

CYCLES

60.
179.
117.
414.

2404.
9789.
62675 .

NOT SET

S3

tl)

1t2)

0o Q0 o0 00 0 0 Co o o

tl)

1t2)

Environmental Crack Growth Check for Sustained Stresses

|[Kmax less than Keac):

BLOCK CASE NO. 4

NUMBER
OF

FATIGUE

CYCLES

NOT SET

S3

o0 00 G0 D0 0o 00 o 0 oo

w

10:
11:
12:
13:

@D~ T W N

T e = = = T N O ey

12.
46,
78.
165,
493.
2229.
2132.
2820.
22272.
B2954.

NN NNy AW

Environmental Crack Growth Check for Sustained Stresses

(Kmax less than Keac):

NOT SET

NN NNy s

4/4/02
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F-F lug with Cold Launch
MODEL: CCO03

FATIGUE SCHEDULE BLOCK STRESS TABLE

5 : M: NUMBER : S3 : S
T : A: OF : 5
B I FATIGUE H (ksi) : |ksi)
P L CYCLES : (gl) t2) : [tl) = (t£2)
1: 1: 1757.00 B.58: 1.31: 0.00: 0.00:
2: 1: 2148.00 7.04: 1.50: 0.00: 0.00:
3: 1: 13668.00 5.96: 1.61: 0.00: 0.00:
4: 1: 38857.00 5.12 1.71: 0.00: 0D.00:
5: 1: 110517.00 4.56: 1.75: 0.00: 0.00:
6: 1: 150546.00 4.16: 1.80: 0.00: 0.00:
7: 1: 195456.00 3.86: 1.85: 0.00: 0.00:
B: 1: 1440631.00 3.72: 1.85: 0.00: D.00:
Environmental Crack Growth Check for Sustained Stresses
[Kmax less than Keac): NOT SET
F-F lug With Cold Launch
MODEL: CC03
FATIGUE SCHEDULE BLOCK STRESS TABLE
Four Blocks OF VCMAGNET ~
s : M: NUMBER H S3 H S
T : Al QF : :
E T FATIGUE : (ksi) : lksi)
P L CYCLES : (tl) - (£2) H (t1) - (t2)
1: 1 17832.00 10.08 1.15: 0.00: 0.00:
2: 1: 594.00 - 10.08: 1.15: 0.00: 0.00:
3: 1: 695448.00 : 5.29: 1.68: 0.00: 0.00:
4: 1: 30.00 : 10.08: 1.15: D.00: D.00:
5: 1 17832.00 = 10.08: 1.15: 0.00: 0.00:
Environmental Crack Growth Check for Sustained Stresses
(Kmax less than Keac): NOT SET
F-F lug With Cold Launch
MODEL: CCO03
FATIGUE SCHEDULE BLOCK STRESS TABLE
Four Blocks OF VCMAGNET ~
5 : M: NUMBER : S3 : S
T : A: OF : :
E T: FATIGUE : (ksi) : (ksi)
P L CYCLES : ltl) (t£2) : (£l) : (t2)
1: 1 34.00 3.30: 1.99: 0.00: D.00:
2: 1 34.00 3.25: 1.95: D.00: 0.00:
3:01 60.00 3,20: 1.99: D.00: 0.00:
4: 1 179.00 3.16: 1.99: 0.00: 0.00:
5: 1 117.00 3.30: 1.99: 0.00: 0.00
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6: 1: 414.00 : 3.25;
7: 1: 2404.00 3.20:
B: 1: 9785.00 : 3.16:
9: 1: 62675.00 : 3.13:

1.99:
1.99:
1.99;
1.99:

oo oo

.00:
.00:
.00:
.00:

Environmental Crack Growth Check for Sustained Stresses

(Kmax less than Keac): NOT SET

F~F lug With Cold Launch
MODEL: CCD3

FATIGUE SCHEDULE BLOCK STRESS TABLE

5 : M NUMBER B S3
T : A: oF H
E T: FATIGUE : (ksi)
P L CYCLES : (tl)
1: 1: 1.00 22.47
2: 1: 3.00 20.60
3: 1: 5.00 : 18.71:
4: 1: 12.00 : 16.84:
5: 1: 46.00 14.97:
6: 1: 78.00 : 13.07:
7: 1: 165.00 : 11.20;:
B: 1: 493.00 : 9.33:
9: 1: 2229.00 7.46
10: 1: 2132.00 - 5.57:
11: 1: 2920.00 5.00:
2: 1 22272.00 4.63:
13: 1: 82854.00 4.26:

Environmental Crack Growth Check for

([Kmax less than Keac): NOT SET

F-F lug With Cold Launch
MODEL: CCO03

ANALYSIS RESULTS:

Schdl Block Cycles
Step

1 1 1953580.
1 2 3907160.
1 3 5860740,
1 4 7814320.
1 5 8546056.
1 6 9277792,
1 7 10009528.
1 8 10741264.
1 9 10816970,
1 10 10892676.
1 11 10968382,
1 12 11044088.
1 13 11157358.
1 14 11270708,
1 15 11384018.

COoOOoOoO OO CO oo O oOoo oo

FHERPR P RPRRPBERRPo
w
o

a

.10063
.10127
10191
.10255
.13272
.16684
.20555
.24911
.24911
.24911
124911
.24911
.25116
.25321
.25527

CO OO0 oD oOoOCCoOoocooo

Final Flaw Size

c

.10000
.10000
.10000
.10000
.10814
.122389
.14070
.16216
.16216
.16216
.16216
.16216
.16285
.16355
.16425

oo OO0 Cc OO0 o oo

5

|ksi)
tl)

oo oo

£2)

Sustained Stresses

K max

a-tip

SRR, AT T T, NN NF N

[
LW W

.499
.501
.503
.505
.459
.655
. 865
062
.983
.983
.983
.983
.57
.528
.538

.00:
.00
.00:
.00:

4/4/02

c-tip

=R O DWW W L

11.
11.
11.

.338
.348
.360
L372
.386
.658
.B59
.011
.639
.639
.638
.639
174
156
219
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1 186 11457328. 0.25734 0.1648%86
1 17 11610638. 0.25941 0.16567
1 18 11723948, 0.26150 D0.16639
1 19 11837258. 0.26359 0.16711
1 20 11950568. 0.26568 0.16784
1 21 12063878. 0.26779 0.16857
1 22 12177188. 0.26990 0.16931
1 23 12290498. 0.27202 0.17005
1 24 12403808, 0.27414 0.17080

FINAL RESULTS:
Critical Crack Size has NOT been reached.

at Cycle No. 82954.00

of Load Step No. 13 Description: None
of Block No. 24

of Schedule No. 1

Crack Sizes: a = 0.274142 , c = 0.170802

Total Cycles = 12403808.

13

13,

13.

13

13.

13
13

13.

.

.551
h62
.574
585
.596
608
.619
.631
642

a/c

11.
11.

11.
11.
11.
11,
11.
11.

1.

4/4/02

241
263
.285
307
328
349
370
391
412

6050



Prepared By!NarnelDate 4 Page/Section  |File Nama
ZTgleD\éVang LOCKHEED MARTIN No. 1 warmelovis_ff
Checked B Science, Engineering, Analyais, &| Drawing No. SCD0678
y (;: PLA—J P G- Tast ‘
4 [tefo2- Machanical Systems Analysis Department.
Title AMS-02 Magnet Strap Clevis (warm)
Section F-F.

CCo03

PiWwt

Material: 6061-T651 (75F)
NASA/FLAGRO Crack case type: CCo3
Section Properties:

Plate thickness . t=0.63 in.

Plate width w =3.01n.

Hole diameter D =0.75 in.

Crack Properties:
a=0.2741 in. (Ref. FF-clevis-cold-launch,

c=0.2741 in. page 6)
alc=1.0
Loads:
Strap load (cryo) f=19102 lbs (ref. Model 6-01 loads)
Load per side on clevis Paxial = 19102/2 = 9551 lbs



Prepared ByFNaynelT)ale ] 4 Page/Section |File Name
fﬁgfo \2Nang LOCKHEED MARTIN No. 2 warmclevis_ff

Checked By Science, Engineering, Analysis, &| Drawing No. 5CD0678

5’7((,“,1 M_,-.J(-~~-~—'L Tast

gf//n/o'v Machanical Systams Analysis Dapartment.
Title AMS-02 Magnet strap Clevis [warm)
Section F-F

Stress:

Axial Stress S3 =P/Dt

S3=9551/0.75*%0.63 = 20.213 ksi

This CI1W1 strap attaches to the clevis on the Race track end frame. (Ref drawing
SCDDB25, sheet 2 section C-C)
This clevis is at room temperature (75F) for the landing condition. The Flagro analysis

uses the landing case spectrum at room temp.
The material data used is from code M6ACI13AB1 from the NASGRO library, except
that the UTS and YS are changed as per the material property for the 6061-T651 material

as per OIE205 Rev.d , page 24.

Landing spectrum is run for 3 missions with a scatter factor of 4. The final crack size
from the cold launch condition a=0.2741 in. and a/c = 1.0 in. is used as the initial crack

sizes for this model.
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. FATIGUE CRACK GROWTH ANALYSIS

DATE: 04/10/02 TIME: 09:57:59
|computed: NASGRO Version 3.0.4, Jan 2000.)
U.S. customary units [inches, ksi, ksi saqrtlin)]

PROBLEM TITLE

FF Lug with warm landing for AMS-02 Magnet straps
I[Ref. Drg. SCD0825, sht.2 sect c-c)

Crack Growth Model: Non Interaction
Egquation/Table : NASGRO Equation

GEOMETRY

MODEL: CCO03-Corner crack from hole in lug [2D).

Plate Thickness, t = 0.6300
Plate Width, W = 3.0000
Hole Diameter, D = D.7500

FLAW SIZE: |(User specified)

a [init.) = 0.2741 (Ref,. Final crack size from FF-pin-cold-launch,
c [init.) = 0.2741 page 6)
a/c (init.) = 1.000
. MATERTIAL
MATL 1: Edited file data ~2211
~2221

Material Header Info.:

Material 1 Data ID: MGAC13AB1

Alloy Description : 6061-T651 ~2611
Alloy Cond/HT : Plt; L-T & T-L ~26
Product Form : 2t ~2631

Environment : ~2641

Specimen Type

Specimen Orientation
Specimen Thickness
Specimen Width

Specimen Test Freguency
Data Reference

Material Properties:

:Matl: UTS : YS : Kle : Klg : Ak : Bk : Thk : Kc : Keac
No.: : : : : : : : : :

1 : 37.0: 30.0: 38.0: 27.0: 1.00: 1.00: 0.630: 51.5:

P e ot T e T o

. Matl:i-—---mm Crack Growth Egn Constants ------—--—-—=—-m--u :
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No.: C :n : p: g : DKo : Cth+ :Cth- : Rel:Alpha:Smax/:
: :8IGo

T T T T T e e e e e e e e P e EmE—— e e P f i m—— o ——— =
. ' H . - M . . . :

1 :0.133D-06:2.248:0.50:1.00: 3.50: 1.50: 0.10:0.70: 1.50: 0.30.

(Ref. OIE 205 Rev.D, page 25 for UTS and ¥YS for 6061-T6, 250 mm. Thick)
FF clevigs warm landing
MODEL: CCO03

FATIGUE SCHEDULE BLOCK INPUT TABLE

FF clevis warm landing ~
[Note: Stress = Input Value * Scale Factor]

Stress Scaling Factors for Block Case: 1 | LAND-ONLY)

Scale Factor for Streszs S3: 0.20213 [Ref. Warmclevis_ff.doc, page 2)
Schedule info. was input manually
Total No. of Blocks in Schedule = 12

Block Number and Caze Correspondences
Block Number Block Casze No.

From - To
1 - 12 1
Stresses: Tension, bending or pin

FF clevis warm landing
MODEL: CCO03

FATIGUE SCHEDULE BLOCK INPUT TABLE

FF clevis warm landing -~

SINGLE DISTINCT BLOCK

g M: NUMBER : S3 : S
T A: oF : :
B T: FATIGUE : :
P : L: CYCLES : 1tl) : (t2) : t1l) : (t2)
1: 1: 1.00 100.00: 3.70; 100.00: 3.70
2: 1: 1.00 : 51.30: 4.20: 91.30: 4.20
3: 1: 3.00 : 82.60: 4.70: 82.60: 4.70
4: 1: 3.00 : 74.00: 5.20: 74.00: 5.20:
5: 1: 3.00 : 65.30: 5.70: 65.30: 5.70:
6: 1: 3.00 : 56.60: 6.10: 56.60: 6.10:
7: 1: 13.00 : 47.30: 6.60: 47.90: 6.60:
8: 1: 148.00 : 39.20: 7.10: 39.20: 7.10:
9: 1: 891.00 : 30.60: 7.60: 30.60: 7.60:
10: 1: 1273.00 : 21,80 8.10: 21.90: 8.10:
11: 1: 2099.00 19.30: 8.20: 19.30: 8.20:
12: 1: 6581.00 - 17.50: 8.30: 17.50: 8.30:
13: 1: 8701.00 - 15.80: B.40: 15.80: B.40:

Environmental Crack Growth Check for Sustained Stresses
. |[Kmax less than Keac): NOT SET
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FF clevis warm landing
MODEL: CCO03

FATIGUE SCHEDULE BLOCK STRESS TABLE

FF clevis warm landing

4/10/02

S : M: NUMBER : s3 s
T ¢ A: OF :
E : T: FATIGUE |ksi) |ksi)
P : L: CYCLES (tl) t2) |tl) t2)
1l: 1: 1.00 20.21 0.75: 0.00: D.00:
2: 1: 1.00 18.45 0.85: 0.00: 0.0D:
3: 1: 3.00 16.70 0.95: D.00: 0.00:
4: 1: 3.00 14.96 1.05: 0.00: 0.00:
5: 1: 3.00 13.20 1.15: 0.00: 0.00:
6: 1: 3.00 11.44 1.23: 0.00: 0.00:
7: 1: 13.00 9.68 1.33: 0.00: 0.00:
8: 1: 148.00 7.92 1.44: 0.00: 0.00:
9: 1: 891.0D0 : 5.19: 1.54: 0.00: 0.00:
10: 1: 1273.00 4,43 1.64: 0.00: 0.00:
11: 1: 2099.00 : 3.90: 1.66: D.0D: 0.00:
12: 1: 6581.00 3.54: 1.68: D.0D: 0.00:
13: 1: 8701.00 3.15: 1.70: 0.00: D.0D:

Environmental Crack Growth Check for

(Kmax less than Keac): NOT SET

FF clevis warm landing

MODEL: CCO03

ANALYSTS RESULTS:

Schdl Block Cycles Final Flaw Size

Step a c

1 1 19720. D.27447 0.27416
1 2 39440. 0.27480 0.27418
1 3 59160D. 0.27514 D.27420
1 4 788B0. 0.27547 0.27422
1 5 98600. 0.27580 0.27424
1 3 118320. 0.27614 0.27427
1 7 138040. 0.27647 D0.27429
1 8 157760. 0.2768D 0.27431
1 9 17748B0. 0.27714 0.27433
1 10 197200. 0.27747 0.27435
1 11 216920. 0.27781 0.27437
1 12 236640. 0.27814 0.27439

FINAL RESULTS:
Critical Crack Size has NOT been reached.

at Cycle No. 8701.00

of Load Step No. 13 Description: None
of Block No. 12

of Schedule No. 1

Crack Sizes: a = 0.278141 , c = 0.2743%4
Total Cycles = 236640.00

Sustained Stresses

K max
a-tip c-tip
13.433 8.264
13.434 8.270
13.435 8.276
13.436 8.282
13.438 8.288
13.439 8.293
13.440 B.299
13.441 8.305
13.443 8.311
13.444 8.317
13.445 B.322
13.446 8.328
, a/c = 1.0137

(e e i n e ds i e gl e e die Bindiad



Prepared By NamelDate - 4 Page/Section |File Name'
iﬁn’;/en\éVang LOCKHEED MARTIN No. 1 Cryoclevis_gg
Checked By ?’P,(r Y S— Science, Engineering, Analysis, & Test Drawing No. SCDos78
o~ v 4 l' ﬂv‘b Mechanical Systems Analysis Depariment,
Title AMS-02 Magnet Strap Clevis (Cryo)
Section G-G
CCo03
Piwt
tt 21
W Si= E
" Dt
\ ¢/
~ _F.”
T
¥ v
el
Material: AIST316/316L (-452F) ’

NASA/FLAGRD Crack case type:

Section Properties:
Design Clevis Thickness
Plate thickness

Plate width
Hole diameter

Crack Properties:
Loads:

Strap load (cryo)
Load per side on clevis

CCo03

T=0.3930in. (Ref. SCD0678, Sec. G-G)
t=0.197 in. = (average thickness at
Sec. G-G)
w = 1.6380in. .
D =0.7500 in.

a=0.10 in.
c=0.10 in.

f = 22099 Ibf (ref. Model 6-01 loads)
Paxial = 22099/2 = 11050 Ibf




Prepared By|Name/Date Page/Section  |Fils Nama
Saiko Wang LOCKHEED MARTIN 7 |1 ¢

Cryoclevis_gyg

4/15/02
Checked By Sclence, Engineering, Analysls, & Test Drawing No. SCD0678

(if‘;”'{ o o "L"”'?L" Mechanical Systems Analysis Depariment.

ra / YA .
Title AMS-D2 Magnet Strap Clevis |Cryp)
Section G-G

Tensile Stress S3 = Paxial/D*T

S3 =11050/0.75*0.393=37.489 ksi

This clevis is part of the Strap at Section G-G. (Ref. Drawing SCD0678, issue 07, Section
G-G)

This clevis is at cryogenic temperature (-452F) for Truck transportation, Air
transportation, On-Orbit, and Launcb/Landing conditions. The NASGRO analysis uses
truck air, On-orbit and Launch/Landing case spectrums at cryo temperature. The material
data used is from code AISI 316/316L of the NASGRO library, except that the UTS and
YS are changed as per the material property for the 316L S.S. as per OIE205 Rev.D, Page
25.

The truck, air and on orbit spectrums are run for 1 mission with a scatter factor of 4 and
the Launch/Landing spectrum is run for 3 missions with a scatter factor of 4. Dye
penetrant inspection is used to inspect the clevis at Section G-G, and the standard dye
penetrant crack sizes a= 0.10 in and ¢ = 0.10 in are used (ref. JSC22267A, table 2).
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FATIGUE CRACK GROWTH ANALYSIS

DATE: 03/21/02 TIME: 13:25:39
(computed: NASGRO Version 3.0.4, Jan 2000.
U.S. customary units [inches, ksi, ksi sqgrt(in)]

PROBLEM TITLE

G-8 Lug With Cold Launch and Landing for AMS-02 Magnet Strap
(Ref. Drawing SCD0678,issue 07, Section G-G)

Crack Growth Model: Non Interaction
Equation/Table : NASGRO Equation

GEOMETRY

MODEL: CC03-Corner crack from hole in lug (2D).

Plate Thickness, t = 0.1970
Plate width, W = 1.6380
Hole Diameter, D = 0.7500

FLAW SIZE: (User specified)

Method of Inspection: Dye Penstrant
a {init.) = 0.1000

[} linit.) = 0.1000

a/c linit.) = 1.000

MATERIAL

MATL 1: Edited file data ~2211
~2221
Material Header Info.:
Material 1 Data ID: F3KA13LA2
Alloy Description : AISI 316/316L ~2611

Alloy Cond/HT : Ann sht & plt ; -452F LHe
~2621
Product Form : ~2631

Environment : ~2641
Specimen Type

Specimen Orientation

Specimen Thickness

Specimen Width

Specimen Test Freguency

Data Reference

Material Properties:

:Matl: UTS : ¥8 : Kle : Klc : Ak : Bk : Thk : Kc : Keac
No.: : : : : : : :

1 203.1: 162.5: 280. D 200.0: 1.00: 0.50: 0.197: 299. 7

:Matl:--=---—————————— Crack Growth Egn Constants -~---—————-w==c=m-m :
No.: c :n : p: g: DKo : Cth+ :Cth- : Rel:Alpha:Smax/:
- . - - . - »SIGD
1 U 220D-08: 3 200 0.25: 0 25 8.00: 1. 50 0. lU 0. 70 2. 50 0.30:
[Ref. DIE205 Rev.D, Page 25 for UTS and YS of 316L, 250 mm thick)
G-G Lug With Cold Launch and Landing
MODEL: CCO03

4/15/02
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FATIGUE SCHEDULE BLOCK INPUT TABLE

four Blocks of VCMAGNET

[Note: Stress = Input Value * Scale Factor]

Stress Scaling Factors for Block Case: 1 |Name Block: TRUCK3-VCMAGNET)
Scale Factor for Stress S$3: 0.37489 |IRef. Cryoclevis_gg.doc, Page 2) °
Stress Scaling Factors for Block Case: 2 (AIR3-VCMAGNET)

Scale Factor for Stress §3: 0.37489

Stress Scaling Factors for Block Case: 3 [ONORBIT2-VCMAGNET)

Scale Factor for Stress S53: 0.37489

Stress Scaling Factors for Block Case: 4 (GSFC-VCMAGNET)

Scale Factor for Stress S3: 0.37489

Schedule info. was input manually

Total No. of Blocks in Schedule = 24

Block Number and Case Correspondences

Block Number Block Case No.
From - To
1 - 4 1
5 - 8 2
9 - 12 3
13 - 24 4

Stresses: Tensgion, bending or pin

G-G Lug With Cold Launch and Landing
MODEL: CC03

FATIGUE SCHEDULE BLOCK INPUT TABLE

four Blocks of VCMAGNET

BLOCK CASE NO. 1

S : M: NUMEBER M s3 : s
T : A: oF : :
E T FATIGUE : :
P L CYCLES : (1) : (t2) : t1) :  1e2)
1: 1 1757.00 36.70 5.60 36.70 5.60
2: 1 2148.00 30.10 6.40 30.10 6.40:
3: 1: 13668.00 : 25.50: 6.90 25.50 6.90:
4: 1: 38857.00 : 21.90: 7.30: 21.90: 7.30:
5: 1: 110517.00 19.50: 7.50 19.50 7.50:
6: 1 150546.00 : 17.80: 7.70 17.80 7.70:
7: 1: 195456.00 - 16.50: 7.90: 16.50: 7.90:
B: 1: 1440631.00 : 15.90: 7.90;: 15.80: 7.90:
Environmental Crack Growth Check for Sustained Stresses
|[Kmax less than Keac): NOT SET
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BLOCK CASE NO. 2

NUMEBER
OF

FATIGUE

CYCLES

594.
695448.
30.
17832.

GG-clevis-all-cold

53

1tl)

(t2)

Environmental Crack Growth Check for Sustained Stresses

(Kmax legs than Keac) :

BLOCK CASE NO. 3

oo ~J oy A W N

e e e e

NUMBER
OF

FATIGUE

CYCLES

NOT SET

53

[s=Reaiios B uele el =REvaRlva e

1tl)

1£2)

Environmental Crack Growth Check for Sustained Stresses

[Kmax less than Keac) :

BLOCK CASE NO. 4

NUMEBER
OF

FATIGUE

CYCLES

NOT SET

53

O 00 D CO0 00 00 00 0o @

10:
11:
12:
13:

WO o~ oW

FRPRRPRRPRRRP PP

15.
49.
B1.
178.
641.
3120.
3405.
5019.
28853,
91655.

NN NN ;s W

Environmental Crack Growth Check for Sustained Stresses

(Kmax less than Keac):

NOT SET

NN N ooy AU R W

4/15/02
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G-G Lug With Cold Launch and Landing
MODEL: CCO03

FATIGUE SCHEDULE BLOCK STRESS TABLE

8 : M NUMBER H 53 H S
T = A: OF : :
E : T: FATIGUE : lksi) : |ksi)
P L CYCLES : (tl) (t2) H (el) = (t2)
1: 1 1757.00 13.76 2.10: 0.00: 0.00:
2: 1 2148.00 11.28 2.40: 0.00: 0.00:
3: 1 13668.00 9.56: 2.59: 0.00: 0.00:
4. 1: 38857.00 B.21: 2.74: D.00: 0.00:
5: 1: 110517.00 : 7.31: 2.81: 0.00: 0.00:
6: 1: 150546.00 - 6.67: 2.89: 0.00: 0.00:
7: 1 195456.00 : 6.19: 2.96: 0D.00;: 0.00;
8: 1 1440631.00 5.96: 2.96: 0.00: 0.00:
Environmental Crack Growth Check for Sustained Stresses
[Kmax lesg than Keacg): NOT SET
G-G Lug With Cold Launch and Landing
MODEL: CCO03
FATIGUE SCHEDULE BLOCK STRESS TABLE
four Blocks of VCMAGNET
5 : M: NUMBER H 53 : 8
T : A OF H :
E : T: FATIGUE : (ksi) : lksi)
P L CYCLES H el) (£2) H (tl) [t2)
1: 1 17832.00 : 16.16: 1.84: 0.00: 0.00:
2: 1: 594.00 : 16.16: 1.84: D.00: 0.00:
3: 1: 695448 .00 : 8.47: 2.70: 0.00: 0.00:
4: 1: 30.00 : 16.16: 1.84: 0.00: 0.00:
5: 1 17832.00 : 16.16: 1.84: 0D.00: 0.00:
Environmental Crack Growth Check for Sustained Stresses
(Kmax less than Keac): NOT SET
G~G Lug With Cold Launch and Landing
MODEL: CCO03
FATIGUE SCHEDULE BLOCK STRESS TABLE
four Blocks of VCMAGNET
S : M NUMBER H 53 H S
T : A: OF : :
B T: FATIGUE : |ksi) : |ksi)
b L CYCLES : (el) - 1£2) : (£l) : (£2)
1: 1: 34.00 5.29: 3.19: 0.00: 0.00:
2: 1: 34.00 5.21: 3.19: 0.00: 0.00:
3: 1: 60.00 5.14: 3.19 0.00: 0.00:
4; 1: 179.00 5.06: 3.19 0.00: 0.00:
5: 1: 117.00 5.29: 3.19: 0.00: 0.00:
6: 1: 414.00 5.21: 3.19: 0.00: D.00
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7:
g:
9:

1:
1:
1:

2404.00
9789.00
52675.00

GG-clevis-all-cold

5.14:
5.06:
5.02:

3.19:
3.19:
3.19:

0.00:
0.00:
0.00:

Environmental Crack Growth Check for Sustained Stresses
|[Kmax less than Keac): NOT SET

G-G Lug With Cold Launch and Landing
MODEL: CCO03

FATIGUE SCHEDULE BLOCK STRESS TABLE

four Blocks of VCMAGNET

NUMBER
oF

FATIGUE

CYCLES

53

(ksi)

1£l)

0.00:
0.00:
0.00:

DN oA o

o

10:
11:
12:
13:

Environmental Crack Growth Check for

L e e e T g ) I g

15.00
49.00
81.00
178.00
641.00
3120.00
3405.00
5019.00
28853.00
91655.00

[Kmax less than Keac): NOT SET

BB DSBS B DD B DO B B

G-G Lug With Cold Launch and Landing

MODEL:

cco3

ANALYSIS RESULTS:

Schdl

PR P RPRRRRRRRRE R RS

Block

Step

m~d oy Ul b Wl

P RER R
A bR W R oW

Cycles

1953580.
3907160.
5860740.
7814320.
8546056.
8277792.
10009528.
10741264.
10816570.
10892676.
10968382,
11044088.
11177118,
11310148.
11443178.
11576208.

o i o Sl B s Y s Y v B e B v o B e Y o T e B o B B s O s )

a

.10058
.10117
.10176
.10237
.11319
.12544
.13960
.16928
.16928
.16928
.16928
.169218
.17061
.17197
.17339
.17486

Lo i en e Y v B o S e B e B s B e B e T o Y e B e Y o B o B . §

Final Flaw Size

c

.10011
.10022
.10033
.10044
.10576
.11237
.12068
.13267
.132867
.13267
.132867
.13267
.133867
.13469
.13574
.13681

COoOO0CCoC OO0 oD oo

Sustained Stresses

oo Ccoooco oo 0o
[w)
=

K max

a-tip

.274
.289
.305
.320
.158
.807
.560
.879
.167
.167
.167
.167
.038
.242
.452
.668

4/15/02

c-tip

.673
.713
.753
.783
.436
.304
.253
.503
.717
L7717
.717
L1717
.966
.188
.415
.657



Saike Wang GG-clevis-all-cold 4/15/02

1 17 11709238. 0.17637 0.13791 42.890 39.908
1 18 11942268, 0.17791 0.13904 43.120 40.168
1 19 11975298. 0.17949 0.14020 43.355 40.437
1 20 12108328. 0.18110 0.14138 43.598 40.715
1 21 12241358, 0.18275% 0.14260 43.849 41.003
1 22 12374388. 0.18445 0.14385 44.107 41.300
1 23 12507418. 0.18618 0.14514 44 .374 41.608
1 24 12640448, 0.18796 0.14647 44 .649 41.927

FINAL RESULTS:

Critical Crack Sizes has NOT been reached.

at Cycle No. 91655.00

of Load Step No. 13 Degcription: None

of Block No. 24

of Schedule No. 1

Crack Sizegs: a = 0.1B7956 , ¢ = 0.146465 , a/c = 1.2833

Total Cycles = 12640448,
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File Name
Coldclevis_gg

Science, Engineering, Analysls, & Test Drawing No.
Mechanical Systems Analysis Deparfment.

SCDo678

Title

AMS-02 Magnet Strap Clevis (Cryo)
Section G-G

Material;

NASA/FLAGRO Crack case type:

Section Properties:
Design Clevis Thickness
Plate thickness

Plate width

Hole diameter

Crack Properties:

Loads:

Strap load (cryo)
Load per side on clevis

AISI 316/316L (-452F)

CCo3

T=0.3930in. (Ref. SCD0678, Sec. G-G)
t=0.1971in. (average thickness at
Sec. G-G)
w = 1.6380 in.
D =0.7500 in.

a=0.10in.
c=0.10in.

f=22099 Ibf (ref. Model 6-01 loads)
Paxial =22099/2 = 11050 1bf
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Checked By X /g ded Science, Engineering, Analysis, & Test Drawing No. 5CDo6748
= .;L-/_;’ 01;. Mechanical Systems Analysis Department. ‘
Title AMS-02 Magnet Strap Clevis |Cryo)
Section G-G
Tensile Stress S3 = Paxial/D*T

S3 = 11050/0.75%0.393=37.489 ksi

This clevis is part of the Strap at Section G-G. (Ref. Drawing SCD0678, issue 07, Section
G-G)

This clevis is at cryogenic temperature (-452F) for Truck transportation, Air
transportation, On-Orbit, and Launch conditions. The NASGRO analysis uses truck air,
On-orbit and Launch case spectrums at cryo temperature. The material data used is from
code AISI 316/316L of the NASGRO library, except that the UTS and YS are changed as
per the material property for the 316L S.S. as per OIE205 Rev.D, Page 25.

The truck, air and on orbit spectrums are run for 1 mission with a scatter factor of 4 and
the Launch spectrum is run for 3 missions with a scatter factor of 4. Dye penetrant
inspection is used to inspect the clevis at Section G-G, and the standard dye penetrant
crack sizes a= 0.10 in and ¢ = 0.10 in are used (ref. JSC22267A, table 2).



Saike Wang GG-clevis-cold-launch 4/15/02

FATIGUE CRACK GROWTH ANALYSIS

DATE: 03/22/02 TIME: 08:19:37
|computed: NASGRO Version 3.0.4, Jan 2000.)
U.S. customary units [inches, ksi, ksi sgrtl(in)]

PROBLEM TITLE

G~G Lug With Cold Launch for AMS-02 Magnet Strap
(Ref. Drawing SCD0678, issue 07, Section G-G)

crack Growth Model: Non Interaction
Eguaticn/Table : NASGRO Eguation

GEOMETRY

MODEL: CCO03-Corner crack from hole in lug (2D).

Plate Thickness, t = 0.1970
Plate Width, W = 1.6380
Hole Diameter, D = 0.7500

FLAW SIZE: |User specified)

Method of Inspection: Dye Penetrant
a (init.) = 0.1000

c l[init.) = 0.1000

a/¢ (init.) = 1.000

MATERIAL

MATL 1: Edited file data ~2211
~2221

Material Header Info.:

Material 1 Data ID: F3KAl13LA2
Alloy Description : ATIST 316/316L
~2611
Alloy Cond/HT : Ann sht & plt ; -452F LHe
~2621

Product Form : ~2631

Environment : ~2641
Specimen Type

Specimen Orientation

Specimen Thickness

Specimen Width

Specimen Test Fregquency

Data Reference

Material Properties:
Matl: UTS : YS : Kle : Klc : Ak : Bk : Thk : Kc : Keac

1 : 203.1: 162.5: ZBD.D: 200.0. 1.00: 0.50: 0. 197 299. 7

:Matl:i-————-———=-mm—m— Crack Growth Egn Constants -—==---——--—====—-—- :
No. : c : n : p: g : DKo : Cth+ :Cth- : Rcl:Alpha:Smax/:
: : : : : : :SIGo

1 O 220D-09: 3 200 0. 25 0. 25 8. DO 1. 50 0. 10 0. 70 2. 50 0.30:
(Ref. OIE205 Rev. D, Page 25 for UTS and ¥S of 316L, 250 mm thick)
G-G Lug With Only Cold Launch
MODEL: CCO03



Saike Wang GG-clevis-cold-launch 4/15/02

FATIGUE SCHEDULE BLOCK INPUT TAELE

Four Blocks of VCMAGNET

[Note: Stress = Input Value * Scale Factor]

Stress Scaling Factors for Block Case: 1 [Name Block: TRUCK3-VCMAGNRT)
Scale Factor for Stress S3: 0.3748B9 |IRaf. Coldeclevis_gg.doc, Page2)
Stress Scaling Factors for Block Case: 2 |AIR3~«VCMAGNET)

Scale Factor for Stress 53: 0.37489

Stress Scaling Factors for Block Case: 3  (ONORBIT2-VCMAGNET)

Scale Factor for Stress §53: 0.37489

Stress Scaling Factors for Block Case: 4 |LIFTOFF=-0ONLY)

Scale Factor for Stress 53: 0.37489

Schedule info. was input manually

Total No. of Blocks in Schedule = 24

Block Number and Case Correspondences

Block Number Block Cage No.
From - To
1 - 4 1
5 - 8 2
9 - 12 3
13 - 24 4

Stresses: Tension, bending or pin

G-G Lug With Only Celd Launch
MODEL: CCO03

FATIGUE SCHEDULE BLOCK INPUT TABLE

Four Blocks of VCMAGNET

BLOCK CASE NO. 1

S : M:; NUMBER : s3 H S5
T : A oF : :
E T: FATIGUE H :
P L CYCLES : tl) [t2) : (tl) (t2)
1: 1: 1757.00 36.70 5.60 36.70 5.60:
2: 1: 2148.00 30.10 6.40 30.10 6.40:
3: 1: 13668.00 - 25.50 6.90 25.50 65.90:
4: 1: 38857.00 : 21.90: 7.30: 21.90: 7.30:
5: 1: 110517.00 - 19.50: 7.50 19.50 7.50
6: 1: 150546.00 : 17.80;: 7.70 17.80 7.70
7: 1: 195456.00 : 16.50: 7.90 16.50 7.90:
8: 1: 1440631.00 : 15.90: 7.90: 15.90: 7.90
Environmental Crack Growth Check for Sustained Stresses
|Kmax less than Keac): NOT SET



Saike Wany

BLOCK CASE NO. 2

NUMBER
OF

FATIGUE

CYCLES

695448.
30.
17832.

GG-clevis-cold-launch

S3

(t1)

1t£2)

Environmental Crack Growth Check for Sustained Stresses

(Kmax less than Keac):

BLOCK CASE NO. 3

NUMBER
OF

FATIGUE

CYCLES

NOT SET

53

WO oo S oy o e B
PR T T T T TR PO

N e

60.
179.
117.
414.

2404.
9789.
§2675.

[l wiie =l v =Rk e s s s e =R a Qv a)

W @O om0 @O 0o os @

Environmental Crack Growth Check for Sustained Stresses

(Kmax less than Keac):

BLOCK CASE NO. 4

o

10:
11:
12:
13:

o ~J o D W=

FRERPRPHRRRPRRRBERR

NUMBER
OF

FATIGUE

CYCLES

12.
46.
78.
165.
493,
2229.
2132.
2920.
22272.
82954,

NOT SET

53

NN NSO oy U0 s L
. . . P -

(£1)

1t2)

Environmental Crack Growth Check for Sustained Stresses

|IKmax less than Keac):

NOT SET

NN N NN ooy o LA s W

4/15/02
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G-G Lug With Only Cold Launch
MODEL: CCO03

FATIGUE SCHEDULE BLOCK STRESS TABLE

Four Blocks of VCMAGNET

5 M NUMEBER H S3 H S
T A: OF H H
E T: FATIGUE H (ksi) H (ksi)
P L CYCLES : (cl) : 1£2) H (£l) : (£2)
1: 1: 1757.00 13.76: 2.10: 0.00: 0.00:
2: 1: 2148.00 11.28: 2.40: 0.00: 0.00:
3: 1: 13668.00 9.56: 2.59: 0.00: 0.00:
4: 1: 38857.00 8.21: 2.74; 0.00: 0.00:
5: 1: 110517.00 : 7.31: 2.81: 0.00: 0.00:
6: 1: 150546.00 : 6.67: 2.89: 0.00: 0.00:
7: 1: 195456.00 - 6.15: 2.96: 0.00: 0.00:
B: 1: 1440631.00 5.96: 2.96: 0.00: 0.00:
Environmental Crack Growth Check for Sustained Stresses
[Kmax less than Keac): NOT SET
G-G Lug With Only Cold Launch
MODEL: CCO03
FATIGUE SCHEDULE BLOCK STRESS TABLE
Four Blocks of VCMAGNET
S M NUMEER H S3 : ]
T : A oF ) H
E : T: FATIGUE : |ksi) : lksi)
P L CYCLES : (£l) : t2) : (£l) = 1£2)
1: 1 17832.00 16.16 1.84: D.00: 0.00;
2: 1: 594.00 - 16.16: 1.84: 0.00: 0.00:
3: 1: £95448.00 : B8.47; 2.70: 0.00: 0.00:
4; 1: 30.00 : 16.16; 1.84: 0.00: 0.00:
5; 1 17832.00 : 16.16: 1.84: 0.00 0.00:
Environmental Crack Growth Check for Sustained Stresses
[Kmax less than Keac): NOT SET
G-G Lug With Only Cold Launch
MODEL: CCO03
FATIGUE SCHEDULE BLOCK STRESS TABELE
Four Blocks of VCMAGNET
S : M: NUMBER H 83 H s
T : A: OF H :
B : T: FATIGUE H |ksi) H 1ksi)
P L CYCLES H [tl) t2) H (tl) = |t2)
1: 1 34.00 5.29: 3.15: 0.00: 0.00:
2: 1 34.00 5.21: 3.19: 0.00: 0.00:
3: 1 60.00 5.14; 3.19: 0.00: D.00:
4: 1 179.00 5.06: 3.19: 0.00 0.00
5: 1 117.00 5.29: 3.19: 0.00: 0.00
6: 1 414,00 5.21: 3.19:; 0D.00: D.0D



Saike Wang
7: 1: 2404.00 : 5.14:
8: 1: 9789.00 - 5.06:
9: 1: 62675.00 : 5.02:

GG-clevis-cold-launch

3.19:
3.19:
3.19:

0.00:
0.00:
0.00:

Environmental Crack Growth Check for Sustained Stresses

(Kmax less than Keac): NOT SET

G-G Lug With Only Cold Launch
MODEL: CCO03

FATIGUE SCHEDULE BLOCK STRESS TABLE

Four Blocks of VCMAGNET

s M NUMBER H 33
T A: OF :
E T FATIGUE H (ksi)
P L CYCLES : (t1l)
1: 1: 1.00 36.03
2: 1: 3.00 33.03
3: 1: 5.00 : 29.99:
4: 1: 12.00 : 26.99:
5: 1: 46.00 : 23.99;
6: L: 78.00 : 20.96:
7: 1: 165.00 : 17.96:
8: 1: 493.00 14.96:
9: 1: 2229.00 11.96:
10: 1: 2132.00 : 8.92:
11: 1: 2920.00 - §.02:
2: 1: 22272.00 : 7.42;
13: 1: 82954.00 : 6.82:

Environmental Crack Growth Check for

|[Kmax less than Keac): NOT SET

G-G Lug With Only Cold Launch
MODEL: CCO03

ANALYSIS RESULTS:

Schdl Block Cycles
Step

1 1 1953580.
1 2 3907160.
1 3 5860740,
1 4 7814320.
1 5 B546056.
1 6 9277792
1 7 10009528.
1 8 10741264.
1 9 10816970.
1 10 10892676,
1 11 10968382.
1 12 11044088,
1 13 11157398.
1 14 11270708.
1 15 11384018,
1 16 11497328.

OO0 CcC O CoCc oo oo o O oo oooO

MMM NNMNMNE PP

a

.10058
.1o117
.10176
.10237
.11319
.12544
.13960
.16928
.16928
.16928
.16928
.16928
.17031
.17135
.17241
.17351

== o [ e e Y e Y s Y v Y s Y s Y s I s Y [ s B e Y |

Final Flaw Size

c

210011
.10022
.10033
.10044
.1057¢6
211237
.12068
.13287
.13267
.13267
.13267
.13287
.13345
.13423
.13504
.13586

oo oo ocooooocooo

S

(ksi)
(tl)

0.00:
0.00:
0.00:

t2)

Sustained Stresses

oo CcC oo o o OooCcooo
e T P e
o
o

K max

a-tip

.274
.289
.305
.320
.158
.B07
.560
.879
.167
.167
.167
.187
.D35
.183
.354
.518

c-tip

.673
.713
.753
.783
.436
.304
.253
.503
.717
L1717
.717
L7179
.963
.134
.308
.486

4/15/02



Saike Wang GG-clevis-cold-launch 4/15/02

1 17 11510638. 0.17463 0.13669 42686 39.673
1 18 117238948. 0.17578 0.13753 42 .858B 39.865
1 19 11837258. 0.17694 0.13840 43.034 40.061
1 20 1195056B. 0.17812 0.13528 43.214 40.263
1 21 12063878. 0.17933 0.14018 43.397 40.470
1 22 12177188. 0.18056 0.14109 43 .585 40.682
1 23 12290498. 0.181B0 0.14202 43.777 40.900
1 24 12403808. 0.18307 0.14298 43.974 41.123

FINAL RESULTS:

Critical Crack Size has NOT been reached.

at Cycle No. 82954.00

of Load Step No. 13 Description: None

of Block No. 24

pf Schedule No. 1

Crack Sizes: a = 0.183073 , c = 0.142976 , a/c = 1.2804

Total Cycles = 12403808.
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Material: AISI 316/316L (75F)
NASA/FLAGRO Crack case type: CC03
Section Properties:
Design Clevis Thickness T=0.3930 in. (Ref. SCD0678, Sec. G-G)

Plate thickness

Plate width
Hole diameter

Crack Properties:

Loads:
Strap load (cryo)
Load per side on clevis

t=0.197 in. (average thickness at
Sec. G-G)
w = 1.6380 in.
D =0.7500 in.
a=0.1831in. (Ref. GG-clevis-cold-launch, P6)
¢ =0.1430 in.
a/c=1.280

f = 19102 Ibf (Ref. Model 6-01 loads)
Paxial = 19102/2 = 9551 Ibf
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Checked B Science, Engineerinyg, Analysis, &| Drawing No, SCDDG78
VIxh otk — | mist
4,15’10 > Maschanical Systams Analysis Dapartment.
Title AMS-D2 Magnet Strap Clevis (Warm)
Section G-G
Tensile Stress S3 = Paxial/D*T

$3 =9551/0.75*0.393=32.403 ksi

This clevis is part of the Strap at Section G-G. (Ref. Drawing SCD0678, issue 07, Section
G-G)

This clevis is at room temperature (75F) for the Landing condition. The NASGRO
analysis uses the landing case spectrum at room temperature. The material data used is
from code AISI 316/316L of the NASGRO library, except that the UTS and YS are
changed as per the material property for the 316L S.S. as per OIE205 Rev.D, Page 25.

The landing spectrum is run for 3 missions with a scatter factor of 4. The final crack size
from the cold launch condition a= 0.1831 in, c=0.1430 in, and a/c = 1.280 are used as
the initial crack sizes for this model.
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FATIGUE CRACK GROWTH ANALYSIS

DATE: 03/22/02 TIME: 10:12:10
|computed: NASGRO Version 3.0.4, Jan 2000.)
U.S. customary units [inches, ksi, ksi sgrt(in)]

PROBLEM TITLE

G-G Lug With Warm Landing for AMS-02 Magnet Strap
(Raf. Drawing ScD0678, issue 07, Section G-G)

Crack Growth Model: Non Interaction
Equation/Table : NASGRD Eguation

GEOMETRY

MODEL: CC03-Corner crack from hole in lug (2D).

Plate Thickness, t = 0.1970
Plate Width, W = 1.6380
Hole Diameter, D = 0.7500

FLAW SIZE: (User specified)

a linit.) = 0.1831 |IRef. The final crack sizes from
o linit.) D.1430 g@-clevis-cold-launch, Page 6)
a/c [(init.) = 1.280

MATERIAL

MATL 1: Edited file data ~2211
~2221
Material Header Info.:

Material 1 Data ID: F3KA13AElL
Alloy Description : AISTI 316/316L ~261
1
Alloy Cond/HT : Ann sht & plt
~2621
Product Form : ~2631

Environment : ~2641
Specimen Type

Specimen Orientation

Specimen Thickness

Specimen Width

Specimen Test Freguency

Data Reference

Material Properties:
:Matl: UTE : ¥YS : Kle : Kle : Ak : Bk : Thk : Kc : Keac
NO.: - - - - - N -

Matl:-—————— e ———— Crack Growth Egn Constants -----—--—-———=======- :
No. : C : n : p: g : DKo : Cth+ :Cth- : Rcl:Alpha:Smax/:
- . - . - - . - :SIGO

1 :0.220D-09:3.200:0.25:0.25;: 3.50: 1.50: 0.10:0.70: 2.50: 0.30:
(Ref. OIE205 Rev.D, Page 25 for UTS and Y8 of 316L, 250mm thick)
G- Lug With Warm Landing
MODEL: CC03



Saike Wang GG-clevis-warm-landing 4/17/02

FATIGUE SCHEDULE BLOCK INPUT TABLE

one Block of Warm Landing

[Note: Stress = Input Value * Scale Factor]

Stress Scaling Factors for Block Case: 1 (Name Block: LAND_ ONLY)

Scale Factor for Stress S3: 0.32404 [Raf. Warmclevis-gg.doc, Page 2)

Schedule info. was input manually
Total No. of Blocks in Schedule = 12
Block Number and Case Correspondences
Block Number Block Case No.
From - ToO
1 - 12 1

Stresses: Tension, bending or pin

G-G Lug With Warm Landing
MODEL: CCO03

FATIGUE SCHEDULE BLOCK INPUT TABLE

One Block of Warm Landing

3INGLE DISTINCT BLOCK

5 ' M NUMBER : 83 H S
T : A OF H :
E T FATIGUE : :
E L CYCLES : (€l) : [£2) H (t1l) : £2)
1: 1 1.00 100.00 3.70 100.00 3.70
2: 1 1.00 91.30 4.20 91.30 4.20
3: 1 3.00 82.60 4.70 82.60 4.70:
4: 1 3.00 74.00 5.20 74.00 5.20:
5: 1 3.00 65.30 5.70 65.30 5.70
6: 1 3.00 56.60 6.10 56.60 6.10:
7: 1 13.00 47.90 6.60 47.90 6.60:
g: 1 148.00 - 39.20 7.10 39.20 7.10:
9: 1 891.00 : 30.60 7.60 30.50 7.60:
10: 1 1273.00 21.80 8.10: 21.90 8.10:
11: 1 2099.00 19.30 B.20 19.30 B.20
12: 1 6581.00 - 17.50 8.30 17.50 8.30
13: 1 8701.00 15.80 8.40 15.80 B.40:

Environmental Crack Growth Check for Sustained Stresses
(Kmax less than Keac): NOT SET

G-G Lug With Warm Landing

MODEL: CCO03



Saike Wang GG-clevis-warm-landing 4/15/02

FATIGUE SCHEDULE BLOCK STRESS TABLE

5 : M NUMBER : 53 H s
T s Al oF : :
E : T FATIGUE H lksi) H (ksi)
P L CYCLES : (tl) : (t2) H (tl) 1t2)
1: 1 1.00 32.40 1.20: 0.00: 0.00:
2: 1 1.00 29.58 1.36: 0.00: 0.00:
3: 1 3.00 26.77 1.52: 0.00: 0.00:
4: 1 3.00 23.98 1.69: 0.00: 0.00:
5: 1 3.00 21.16 1.85: 0.00: 0.00:
6: 1 3.00 18.34 1.98: 0.00: 0.00;
7: 1 13.00 - 15.52: 2.14: 0.00: 0.00:
A: 1 148.00 : 12.70: 2.30 0.00: 0.00;
9: 1 §91.00 : 9.92: 2.46; 0.00: 0.00:
10: 1 1273.00 : 7.10: 2.62: D.00D: 0.00:
11: 1 2099.00 6.25: 2.66: 0.00: 0.00:
12: 1 6581.00 5.67: 2.69: 0.00: 0.00:
13: 1 8701.00 5.12: 2.72: 0.00: 0.00:
Environmental Crack Growth Check for Sustained Stresses
|[Kmax less than Keac): NOT SET
G-G Lug With Warm Landing
MODEL: CCO03
ANALYSIS RESULTS:
Schdl Block Cycles Final Flaw Size K max
Step a [ a-tip c-tip
1 1 19720. 0.18340 0.14325 39.733 37.193
1 2 39440. 0.18374 0.14351 39.783 37.248
1 3 59160. 0.1B408 0.14378 39.833 37.302
1 4 78880. 0.18442 0.14405 39.883 37.358
1 5 98600. 0.18476 0.14432 39.934 37.413
1 6 118320. 0.18510 0.14460 39.985 37.4638
1 7 138040. 0.18545 0.14487 40.037 37.526
1 8 157760. 0.18579 0.14515 40.089 37.583
1 9 177480. 0.18614 0.14543 40.141 37.640
1 10 197200, 0.18649 0.14571 40.194 37.698
1 11 216920. 0.186B4 0.14599 40.246 37.756
1 12 236640. 0.18719 0.14627 40.299 37.814
FINAL RESULTS:
Critical Crack Size has NOT been reachead.
at Cycle No. B701.00
of Load Step No. 13 Degcription: None
of Block No. 12
of Schedule No. 1
Crack Sizes; a = 0.187188 , o= 0.146268 , a/o = 1.2798

Total Cycles = 236640.00
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Material: AISI 316/316L. (-452F)

NASA/FLAGRO Crack case type:

Section Properties:
Design Clevis Thickness
Plate thickness

Plate width
Hole diameter

Crack Properties:
Loads:

Strap load (cryo)
Load per side on clevis

CCO03

T=D.4016 in. (Ref. SCD0678, Sec. H-H)
t=0.2011in. (average thickness at
Sec. H-H)
w = 1.638 in.
D =0.7087 in.

a=0.10in.
¢=0.10in.

f =22099 1bf (Ref. Model 6-01 loads)
Paxial = 22099/2 = 11050 Ibf
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Checked By K Iy, Science, Engineering, Analysis, & Test Drawing No. 5CD0678
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Title AMS-02 Magnet Strap Clevis [Cryo)
Section H-H
Tensile Stress $3 = Paxial/D*T

53 =11050/0.7087*0.4016=38.825 ksi

This clevis is part of the Strap at Section H-H. (Ref. Drawing SCD0678, issue 07, Section
H-H)

This clevis is at cryogenic temperature (-452F) for Truck transportation, Air
transportation, On-Orbit, and Launch/Landing conditions. The NASGRO analysis uses
truck air, On-orbit and Launch/Landing case spectrums at cryo temperature. The material
data used is from code AISI 316/316L of the NASGRO library, except that the UTS and
YS are changed as per the material property for the 316L S.S. as per OIE205 Rev.D, Page
25.

The truck, air and on orbit spectrums are run for 1 mission with a scatter factor of 4 and
the Launch/Landing spectrum is run for 3 missions with a scatter factor of 4. Dye
penetrant inspection is used to inspect the clevis at Section H-H, and the standard dye
penetrant crack sizes a= 0.10 in and c = 0.10 in are used (ref. ISC22267A, table 2).
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FATIGUE CRACK GROWTH ANALYSIS

DATE: 03/21/02 TIME: 13:33:40
(computed: NASGRO Version 3.0.4, Jan 2000.)
U.S. customary units [inches, ksi, ksi sgrtlin)]

PROBLEM TITLE

H-H Lug With Cold Launch and Landing for AMS02 Magnet Strap
(Ref. Drawing SCD0678, issue 07, Section H-H)

Crack Growth Model: Non Interaction
Equation/Table : NASGRO Eguation

GEQOMETRY

MODEL: CC03-Corner crack from hole in lug (2D).

FPlate Thickness, t = 0.2010
Plate Width, W = 1.6380
Hole Diameter, D = 0.7087

FLAW SIZE: (User specified)

Method of Inspection: Dye Penetrant
a (init.) = 0.1000

c (init.) = 0.1000

a/¢ [(init.) = 1.000

MATERIAL

MATL l: Edited file data ~2211
~2221

Material Header Info.:

Material 1 Data ID: F3KAl3LAZ
Alloy Description : AIST 316/316L ~2611

Alloy Cond/HT : Ann sht & plt ; =-452F LHe
~2621
Product Form : ~2631

Environment : ~2641

Specimen Type

Specimen Orientation

Specimen Thickness

Specimen Width

Specimen Test Freguency

Data Reference

Material Properties:

:Matl: UTS : ¥8 : Kle : Kle : Ak : Bk : Thk : Kec : Keac

1 : 203. 1 162. 5 280.0. 200. D 1.00: 0.50: O. 201 299. 7

Matl:i-==r——mm Crack Growth Egn Constants ---------=-—+-—-=-= :
: No.: [ : n : p: g : DKo : Cth+ :Cth- : Rcl:Alpha:Smax/:
: : : : : : : :8IGo

1 0 220D-089: 3 200: U 25 0. 25 8. DD 1. 50 0. lD 0. 70 2. 50 0.30:
(Ref. OIE205 Rev.D, Page 25 for UTS and YS of 316L, 250 mm thick)

H-H Lug With Cold Launch and Landing
MODEL: CCO03
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FATIGUE SCHEDULE BLOCK INPUT TABLE

Pour Blocks of VCMAGNET

[Note: Stress = Input Value * Scale Factor]

Stress Scaling Factors for Block Case: 1 [Name Block: TRUCKI-VCMAGNET)
Scale Factor for Stress S3: 0.38825 [Ref. Cryoclevis_hh.doc, Page 2)
Stress Scaling Factoxrs for Block Case: 2 (AIR3-VCMAGNET)

Scale Factor for Stress 53: 0.38825

Stregs Scaling Factors for Block Case: 3 [ONORBIT2~VCMAGNET)

Scale Factor for Stress 83: 0.38825

Stress Scaling Factors for Block Case: 4 |GSFC-VCMAGNET)

Scale Factor for Stress S3: 0.38825

Schedule info. was input manually

Total No. of Blocks in Schedule = 24

Block Number and Case Correspondences

Block Number Block Case No.
From - To
1 - 4 1
5 - 8 2
9 - 12 3
13 - 24 4

Stresses: Tension, bending or pin

H-H Lug With Cold Launch and Landing
MODEL: CCO03

FATIGUE SCHEDULE BLOCK INPUT TABLE

Four Blocks of VCMAGNET

BLOCK CASE NO. 1

s : M: NUMBER : S3 H s H
T : A: OF : H :
E : T: FATIGUE : H H
P L CYCLES : (1) - (t2) B (tl) (t2) :
1: 1: 1757.00 36.70 5.60 36.70 5.60:
2: 1: 2148.00 30.10 6£.40 30.10 6.40:
3: 1: 13668.00 : 25.50: 6.90: 25.50: £.90:
4: 1: 318857.00 : 21.90: 7.30: 21.90: 7.30:
5: 1: 110517.00 : 19.50: 7.50 19.50 7.50:
6: 1: 150546.00 : 17.80; 7.70: 17.80 7.70:
7: 1: 135456.00 : 16.50: 7.80: 16.50: 7.90:
8: 1: 1440631.00 : 15.90: 7.90;: 15.90: 7.90:
Environmental Crack Growth Check for Sustained Stresses
|[Kmax less than Keac): NOT SET
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BLOCK CASE NO. 2

NUMBER
OF

FATIGUE

CYCLES

HH-clevis-all-cold

s3

594,
695448.
30.
17832,

Environmental Crack Growth Check for Sustained Stresses

(Kmax less than Keac) :

BLOCK CASE NO. 3

WO~ ooy Lk LB

e

NUMEER
OF

FATIGUE

CYCLES

60.
179.
117.
414.

2404.
9789.
62675.

NOT SET

s3

(tl)

£2)

00 G0 O 0 00 00 00 0o 0

tl)

(t2)

Environmental Crack Growth Check for Sustained Stresses

(Kmax less than Keac):

BLOCK CASE NO. 4

. e A e A e i mm e ———— a2 ks o k4

o

10:
11:
12:
13:

[o B s R 6 ST N T A

P e e e e
B

NUMEER
oF

FATIGUE

CYCLES

15.
49.
B81.
178.
641.
3120.
3405.
5019.
28853,
91655.

NOT SET

83

(£1)

(£2)

NN NN e s W

tl)

(£2)

Environmental Crack Growth Check for Sustained Stresses

(Kmax less than Keac):

NOT SET

00 0 00 00 00 OO 00 30 ™

NN NN N ooy D R W

4/16/02
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H-H Lug With Cold Launch and Landing
MODEL: CCO03

FATIGUE SCHEDULE BLOCK STRESS TABLE

S M NUMBER H 83 M 5
T A OF : H
E : T: FATIGUE : lksi) : (ksi)
P L CYCLES B (cl) : 1£2) H (t1l) (€2)
1: 1: 1757.00 14.25: 2.17: 0.00: 0.00:
2: 1: 2148.00 11.69: 2.48: 0.00: 0.00:
3: 1;: 13668.00 9.30: 2.68: 0.00; 0.00;:
4: 1: 3B8857.00 8.50: 2.83: 0.00: 0.00:
5: 1: 110517.00 - 7.57: 2.81: D.00: 0.00:
6; 1: 150546 .00 : 65.91: 2.99: 0.00: 0.00:
7: 1: 195456.00 : 6.41: 3.07; 0.00: 0.00:
B: 1: 1440631.00 6.17: 3.07: 0.00: 0.00:
Envirommental Crack Growth Check for Sustained Stresses
(Kmax less than Keac): NOT SET
H-H Lug With Cold Launch and Landing
MODEL: CCO03
FATIGUE SCHEDULE BLOCK S5TRESS TABLE
Four Blocks of VCMAGNET
5 : M NUMBER H S3 H 5
T : A: oF : :
E : T FATIGUE : lksi) : |ksi)
P L CYCLES : (tl) : (£2) : 1£l) = (t2)
1: 1 17832.00 : 16.73: 1.90: 0D.00: 0.00:
2: 1: 594.00 : 16.73: 1.90: 0.00: 0D.00:
3: 1: 695448.00 : 8.77: 2.80: 0.00: 0.00:
4: 1 30.00 : 16.73: 1.90: 0.00: 0.0D:
5: 1 17832.00 - 16.73: 1.90: 0.00: 0.00:
Environmental Crack Growth Check for Sustained Stresses
(kmax less than Keac): NOT SET
H-H Lug With Cold Launch and Landing
MODEL: CCO03
FATIGUE SCHEDULE BLOCK STRESS TABLE
Four Blocks of VCMAGNET
5 M NUMBER : S3 H 5
T Az OF : H :
E T FATIGUE H (ksi) H (ksi) 4
P L CYCLES : (tl) - (£2) N (1) : (t2) H
1: 1 34.00 5.47: 3.30: D.00: 0.00:
2: 1 34.00 5.40: 3.30: 0.00: 0.00:
3: 1 60.00 5.32 3.30: 0.00: 0.00:
4: 1 179.00 5.24: 3.30: 0.00: 0.00:
5: 1 117.00 5.47; 3.30: 0.00: 0.00:
6: 1 414.00 5.40: 3.30: 0.00: 0.00:
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7: 1: 2404.00 5.32: 3.30:
8: 1: 9789.00 5.24; 3.30:
9: 1: 62675.00 5.20: 3.30:

0.
0.
0.

D0: 0.00:
00: 0.00:
00: 0.00:

Environmental Crack Growth Check for Sustained Stresses

(Kmax less than Keac):

NOT SET

H-H Lug With Cold Launch and Landing
MODEL: CCO03

FATIGUE SCHEDULE BLOCK STRESS TABLE

5 : M: NUMBER S3 5
T ; A: OoF
E : T: FATIGUE (ksi) (ksi)
P : Li: CYCLES (tl) : t2) 1tl) (t2)
1: 1: 2.00 37.31: 1.51: 0.00: 0.00:
2: 1: 4.00 34.20: 1.67: 0.00: 0.00:
3: 1: 8.00 31.06: 1.86: 0.00; 0.00:
4: 1: 15.00 27.85: 2.02: 0.00: D.00:
5: 1: 49.00 24.85: 2.17: 0.00: 0.00:
6: 1: 81.00 21.70: 2.33: 0.00: 0.00:
7: 1: 178.00 18.60: 2.48: 0.00: 0.00:
8: 1: 6£41.00 15.49: 2.64: 0.00: 0D.00:
9: 1: 3120.00 12.39: 2.80: 0D.00: 0D.00:
10: 1: 3405.00 9.24; 2.95: 0.00: 0.00:
1l: 1: 5019.00 B.31: 3.03: 0.00: 0.00:
12: 1: 28853.00 7.69: 3.03: 0.00: 0.00:
13: 1: 91655.00 7.07: 3.07: 0.00: 0.00:
Environmental Crack Growth Check for Sustained Stresses
(Kmax less than Keac): NOT SET
H-H Lug With Cold Launch and Landing
MODEL: CCO03
ANALYSIS RESULTS:
Schdl Block Cycles Final Flaw Size K max
Step a ¢ a-tip
1 1 1953580. 0.10032 0.10008R 12.639
L 2 3907160. 0.10063 0.10016 12.647
1 3 5860740. 0.10095 0.10024 12.656
1 4 7814320. 0.10127 0.10032 12.664
1 5 8546056. 0.11016 0.10426 15.236
1 6 9277792. 0.11989 0.10899 15.643
1 7 10009528. 0.13063 0.114¢64 16.110
1 8 10741264. 0.14263 0.12144 16.652
1 9 10816970. 0.14263 0.12144 5.450
1 10 10892676. 0.14263 0.12144 5.450
1 11 10968382, 0.14263 0.12144 5.450
1 12 11044088. 0.14263 0.12144 5.450
1 13 11177118. 0.14340 0.12188 37.148
1 14 11310148, 0.14418 0.12233 37.227
1 15 11443178. 0.144597 0.12278 37.308
1 16 11576208. 0.14576 0.12324 37.389

c-tip

.985
.014
033
.052
.381
.977
.617
.323
.689
.689
.689
.689
.960
.064
.169
.275

4/16/02
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1 17 11709238. 0.14656 0.12370 37.471 32.381
1 18 11842268. 0.14740 0.12417 37.555 32.489
1 19 11975298. 0.14825 0.12465 37.640 32.603
1 20 12108328. 0.14911 0.12513 37.726 32.718
1 21 12241358. 0.14998 0.12562 37.814 32.836
1 22 123743B88. 0.15086 0.12612 37.903 32.955
1 23 12507418. 0.15176 0.12662 37.993 33.076
1 24 12540448. 0.15266 0.12713 38.085 33.198

FINAL RESULTS:

Critical Crack Size has NOT been reachsd.

at Cycle No. 91655.00

of Load Step No. 13 Description: None

of Block No. 24

of Schedule No. 1

Crack Sizes: a = 0.152659 , o= 0.127134 , a/c = 1.2008

Total Cycles = 12640448.
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Material: AISI 316/316L (-452F)

NASA/FLAGRO Crack case type:

Section Properties:
Design Clevis Thickness
Plate thickness

Plate width
Hole diameter

Crack Properties:
Loads:

Strap load (cryo)
Load per side on clevis

CcCo3

T=0.4016 in. (Ref. SCD0678, Sec. H-H)
t=0.2011in. (average thickness at
Sec. H-H)
w = 1.6380 in.
D =0.7087 in.

a=0.101n.
c=0.101n.

f=22099 Ibf (ref. Model 6-01 loads)
Paxial = 22099/2 = 11050 Ibf
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Mechanical Systems Analysis Depariment.

” / 1t loa
Title AMS-02 Magnet Strap Clevis (Cryo)
Section H-H
Tensile Stress S3 = Paxial/D*T

S3 = 11050/0.7087*0.4016=38.825 ksi

This clevis is part of the Strap at Section H-H. (Ref. Drawing SCD0678, issue 07, Section
H-H)

This clevis is at cryogenic temperature (-452F) for Truck transportation, Air
transportation, On-Orbit, and Launch conditions. The NASGRO analysis uses truck air,
On-orbit and Launch case spectrums at cryo temperature. The material data used is from
code AIST 316/316L of the NASGRO library, except that the UTS and YS are changed as
per the material property for the 316L S.S. as per OIE205 Rev.D, Page 25.

The truck, air and on orbit spectrums are run for | mission with a scatter factor of 4 and
the Launch spectrum is run for 3 missions with a scatter factor of 4. Dye penetrant
inspection is used to inspect the clevis at Section H-H, and the standard dye penetrant
crack sizes a= 0.10 in and c = 0.10 in are used (ref. JSC22267A, table 2).
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FATIGUE CRACK GROWTH ANALYSIS

DATE: 03/22/02 TIME: 08:32:54
(computed: NASGRO Version 3.0.4, Jan 2000.)
U.S. customary units [inches, ksi, ksi sgrtlin)]

PROBLEM TITLE

H-H Lug With Only Cold Launch for AMS-02 Magnet Strap
(Ref. Drawing SCD0678, ilssue 07, Section H-~H)

Crack Growth Model: Non Interaction
Equation/Table : NASGRO Equation

GEOMETRY
MODEL: CC03-Corner crack from hole in lug (2D).

Plate Thickness, t = 0.2010
Plate Width, W = 1.6380
Hole Diameter, D = D.7087

FLAW SIZE: (User specified)

Method of Inspection: Dye Penetrant
a (init.) = 0.1000

o] linit.) = 0.1000

a/c (init.) 1.000

MATERIAL
MATL 1l: Edited file data ~2211
~2221

Material Header Info.:

Material 1 Data ID: F3KAL3LA2
Alloy Description : AISI 316/316L
~2611
Alloy Cond/HT : Ann sht & plt ; -452F LHe
~2621
Product Form ; ~2631

Environment : ~2641

Specimen Type

Specimen Orientation

Specimen Thickness

Specimen Width

Specimen Test Freguency

Data Reference

Material Properties:

:Matl: UTS : YS : Xle : Klc : Ak : Bk : Thk : Kc : Keac

1 : 203. 1 162.5: 280.0: 200. D 1.00: 0.50: O. 201 299, 7

:Matl:=--=-r--——————— Crack Growth Egn Constants --—-==---=--—v————== :
No.: C :n : p: g: DKo : Cth+ :Cth- : Rcl:Alpha:Smax/:
: : : : : : : : :81Go

1 0 220D-09: 3 200 0. 25 0. 25 8. DD 1.50: 0. 10 0. 70 2. 50 0.30:
|Ref. OIE205 Rev.D, Page 25 for UTS and Y8 of 316L, 250 mm thick)
H-H Lug With Only Cold Launch
MODEL: CCO03
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FATIGUE SCHEDULE BLOCK INPUT TABLE

Four Blocks of VCMAGNET

[Note: Stress = Input Value * Scale Factor]

Stress Scaling Factors for Block Case: 1 (Name Block: TRUCK3-VCMAGNET
Scale Factor for Stress 53: 0.38825 |[Ref. Coldclevis_hh.doc, Page2)
Stress Scaling Factors for Block Case: 2 [AIR3-VCMAGNET)

Scale Factor for Stress 83: 0.38825

Stress Scaling Factors for Block Case: 3 |ODNORBIT2~-VCMAGNET)

Scale Factor for Stress 53: 0.38825

Stress Scaling Factors for Block Case: 4 |LIFTOFF-ONLY)

Scale Factor for Stress S3: 0.38825

Schedule info. was input manually

Total No. of Blocks in Schedule = 24

Block Number and Case Correspondences

Block Number Block Case No.
From - To

1 - 4 1

5 - 8 2

9 - 12 3

13 - 24 4

Stresses: Tension, bending or pin
H-H Lug With Only Cold Launch
MODEL: CC03

FATIGUE SCHEDULE BLOCK INPUT TAELE

Four Blocks of VCMAGNET

BLOCK CASE NO. 1

5 : M NUMBER : 33 H 5

T : A: OoF : :

E T FATIGUE H H

P L CYCLES : (£l) - (t2) H (tl) = (t2)
1: 1: 1757.00 36.70 5.60 36.70 5.60:
2: 1: 2148.00 30.10 6.40 30.10 6.40:
3: 1: 13668.00 : 25.50: 6.90 25.50 6.30
4: 1: 38857.00 : 21.90: 7.30 21.90 7.30:
5: 1: 110517.00 : 19.50: 7.50 19.50 7.50:
6: 1: 150546.00 : 17.80: 7.70 17.80 7.70:
7: 1: 195456.00 : 16.50: 7.80 16.50 7.80:
8: 1: 1440631.00 : 15.80: 7.90 15.90 7.90:

Environmental Crack Growth Check for Sustained Stresses
[Kmax less than Keac): NOT SET
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BLOCK CASE NO. 2

5 : M: NUMBER H 53 M 5
T : A: OF : :
E T: FATIGUE : :
P L CYCLES : (1) = (t2) : tl) - (t2)
1: 1 17832.00 43.10 4.90 43.10 4.90;
2: 1: 594,00 : 43.10: 4.80: 43.10 4.90:
3: 1: 6£95448.00 22.60: 7.20: 22.60: 7.20:
4; 1: 30.00 : 43.10: 4.90 43.10 4,.90;
5: 1 17832.00 : 43 .10: 4.30 43.10 4.50:
Environmental Crack Growth Check for Sustained Stresses
(Kmax less than Keac): NOT SET
BLOCK CASE ND. 3
5 : M: NUMBER : 83 H g
T : A oF H H
E : T: FATIGUE : H
P L CYCLES : (el) = 1t2) : £1) - (t2)
1: 1: 34.00 14.10 8.50 14.10 §.50
2: 1: 34.00 : 13.90: 8.50 13.90 B.50
3: 1: 60.00 : 13.70: 8.50 13.70 8.50
4: 1: 179.00 : 13.50: B.50 13.50 B.50
5: 1: 117.00 : 14.10: 8.50 14.10 8.50
6: 1: 414 .00 : 13.90: 8.50 13.80 8.50
7: 1: 2404.00 : 13.70: 8.50 13.70 8.50
8: 1: 9789.00 : 13.50: 8.50 13.50 8.50
9: 1: 62675.00 : 13.40: 8.50 13.40 8.50
Environmental Crack Growth Check for Sustained Stresses
|[Kmax less than Keac): NOT SET
BLOCK CASE NO. 4
g : M: NUMBER : 83 H S
T H OF : H
E T: FATIGUE : H
P L CYCLES N tl) (£2) : [tl) (t2)
1: 1-: 1.00 96.10 3.90 96.10 3.90
2: 1: 3.00 88.10 4.30 B8.10 4.30
3: 1: 5.00 : 80.00: 4.80 80.00 4.80
4;: 1: 12.00 72.00: 5.20 72.00 5.20:
5: 1: 46.00 - 64.00: 5.60 64.00 5.60:
6: 1: 78.00 55.90: 6.00 55.90 6.00:
7: Ll: 165.00 - 47.90: 6.40 47.90 6.40:
B: 1: 493.00 : 35.90: .80 39.90 6.80:
9: 1: 2229.00 : 31.90: 7.20 31.590 7.20;
10: 1: 2132.,00 : 23.80: 7.60 23.080 7.60:
11: 1: 2920.00 21.40: 7.80 21.40 7.80:
12: 1: 22272.00 : 15.80: 7.80 19.80 7.80:
13: 1: 82954.00 : 168.20: 7.90 18.20 7.90

Environmental Crack Growth Check for Sustained Stresses
(Kmax less than Keac): NOT SET
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H-H Lug With Only Cold Launch
MODEL: CC03

FATIGUE SCHEDULE BLOCK STRESS TABLE

5 : M: NUMBER : S3 H S
T : A: QF : :
E : T FATIGUE 4 (ksi) : lksi)
P L CYCLES : lel) [t2) H (tl) 1£2)
1: 1: 1757.00 14.25 2.17: 0.00: 0.00:
2: 1: 2148.00 11.69: 2.48: 0.00: 0.00:
3¢ 1. 1366B.00 9.90: 2.68;: 0.00: D0.00:
4: 1: 38857.00 8.50: 2.83: 0.00: 0.00:
5: 1: 110517.00 : 7.57; 2.91: 0.00: 0.00:
b: 1: 150546.00 : 6.91: 2.99: 0.00: 0.00:
7: 1: 195456.00 ; 6.41: 3.07: 0.00: 0.00:
B: 1: 1440631.00 6.17: 3.07: D.00: 0.00:
Environmental Crack Growth Check for Sustained Stresses
(Kmax less than Keac): NOT SET
H-H Lug With Only Cold Launch
MODEL: CCO03
FATIGUE SCHEDULE BLOCK STRESS TABLE
Four Blocks of VCMAGNET
5 - M: NUMBER : S3 H S
T : A: oF H H
E : T: FATIGUE H lks1i) : lksi)
P L CYCLES H (1) = 1t2) : (el) : (e2)
l: 1 17832.00 16.73: 1.90 0.00: 0.00:
2: 1 594,00 - 16.73: 1.90 0.00: 0.00:
3: 1 695448.00 §.77: 2.80: 0.00: 0.00:
4. 1 30.00 16.73: 1.90: 0.00: 0.00
5: 1 17832.00 : 16.73: 1.90: D.00: D.00
Environmental Crack Growth Check for Sustained Stresses
(Kmax less than Keac): NOT SET
H-H Lug With Only Cold Launch
MODEL: CCO03
FATIGUE SCHEDULE BLOCK S5TRESS TAELE
Four Blocks of VCMAGNET
s : M: NUMRER : S3 H S
T : A: OF : H
E : T: FATIGUE : lksi) H lksi)
P L CYCLES H (tl) : (£2) H (£1l) : (£2)
1: 1: 34.00 5.47: 3.30 0.00: 0.00:
2: 1: 34.00 5.40: 3.30: 0.00: 0.00:
3: 1: 60.00 5.32: 3.30 0.00: 0.00:
4: 1: 179.00 5.24: 3.30 0.00: 0D.00:
5: 1: 117.00 5.47: 3.30: 0.00: 0.00:
6: 1: 414.00 5.40; 3.30 D.00: 0D.00:
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5.32:
5.24:
5.20:

3.30:
3.30:
3.30:

0.00:
0.00:
0.00:

Environmental Crack Growth Check for Sustained Stresses

[Kmax less than Keac):

NOT SET

H-H Lug With Only Cold Launch

MODEL:

cco3

FATIGUE SCHEDULE BLOCK STRESS TABLE

0 N ov U W

[\=]

10:
11:
12:
13:

Environmental Crack Growth Check for
|[Kmax less than Keac) :

PRRPRRRRPRPRE PR
P P R P T

NUMBER
QF

FATIGUE

CYCLES

12.00
46.00
78.00
165.00
493,00
2229.00
2132.00
2920.00
22272.00
82954.00

53

|ksi)

(£1)

NOT SET

H-H Lug With Only Cold Launch
MODEL: CCO03

ANALYSIS RESULTS:

Schdl

FER R HRRRPRREBPRRREPRBE

Block

Step

[ooJEEN [la VI By BYT-NRE VS I N 2

R el el
AU A WNE oW

Cycles

1853580.
3907160.
5860740.
7814320.
B546056.
9277782.
10009528.
10741264.
10B816970.
10892676.
10968382.
11044088.
11157398.
11270708,
11384018.
11497328.

COoO oo COCoOoOoOCocobOOocooCcooCc

Wotd GF DS BRI D D BRI B o 2

a

.10032
.10063
.10095
.10127
.11016
.11989
.130863
.14263
.14263
. 14263
.14263
.14263
.14324
.14385
. 14447
.14510

o= i e i e i o= B oo B e B on I o B o B s [ o I B o B o B

Final Flaw Size

c

.1o008
.10016
.10024
.1o032
.10426
.108893
.11465
.12144
.12144
.12144
.12144
.12144
.12173
.12214
.12250
.12286

S

(ksi)
1tl)

Sustained Stresses

0.00:
0.00:
0.00:

CcCOoOOoO o0 oo o0 oo o
(==
o

K max

a-tip

.639
. 648
.656
.664
L2386
.644
.110
.652
.450
.450
.450
L4510
.146
L2009
L2773
.337

c-tip

. 995
.014
.033
.052
.381
.977
.617
.3213
.689
.689
.689
.6889
.958
.040
.123
.206



HH-clevis-cold-launch

1 17 11610638. 0.14572 0.12322
1 18 11723948. 0.14635 0.12359
1 13 11837258, 0.14701 0.12396
1 20 11950568. 0.14767 0.12434
1 21 12063878. 0.14833 0.12472
1 22 12177188, 0.14%01 0.12510
1 23 12250498. 0.14963 0.12549
1 24 12403808. 0.15037 0.1258B8

FINAL RESULTS:
Critical Crack Size has NOT been reached.

at Cycle No. 82954.00

of Load Step No. 13 Description: None
of Block No. 24

of Schedule No. 1

Crack Sizegs: a = 0.150373 , ¢ = 0.125880
Total Cycles = 12403808,

37.
37.
37.
37.
37.

37

37.
37.

’

402
487
533
600
668
.736
805
876

a/c

32

3z,
32.
32.
32.
32.
32.
32.

.290

374
459
547
637
727
819
912

= 1.1946
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Material: AISI 316/316L (75F)

NASA/FLLAGRO Crack case type:

Section Properties:
Design Clevis Thickness
Plate thickness

Plate width
Hole diameter

Crack Properties:

Loads:
Strap load (cryo)
Load per side on clevis

CCo3
T=0.4016 in. (Ref. SCDO0678, Sec. H-H)
t=0.201 in. (average thickness at
Sec. H-H)
w=1.638 in.
D =0.7087 in.

a=0.1504 in. (Ref. HH-clevis-cold-launch, P6)
c=0.1259 in.
a/c=1.1946

f=19102 Ibf (Ref. Model 6-01 loads)
Paxial = 19102/2 = 9551 1bf
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Drawing No.

SCD0678

Title

AMS-02 Magnet Strap Clevis (Warm)
Section H-H

Tensile Stres

S

$3 = Paxial/D*T

S3 =9551/0.7087*0.4016=33.558 ksi

This clevis is part of the Strap at Section H-H. (Ref. Drawing SCD0678, issue 07, Section

H-H)

This clevis is at room temperature (75F) for the Landing condition. The NASGRO

analysis uses the landing case spectrum at room temperature. The material data used is

from code AISI316/316L of the NASGRO library, except that the UTS and YS are
changed as per the material property for the 316L S.S. as per OIE205 Rev.D, Page 25.

The landing spectrum is run for 3 missions with a scatter factor of 4. The final crack size
from the cold launch condition a=: 0.1504 in, ¢=0.1259 in, and a/c = 1.1946 are used as
the initial crack sizes for this model.




Saike wang HH-clevis-warm-landing 4/16/02

FATIGUE CRACK GROWTH ANALYSIS

DATE: 03/22/02 TIME: 10:22:05
[computed: NASGRO Version 3.0.4, Jan 2000.)
U.S. customary units [inches, ksi, ksi sgrtlin)]

PROBLEM TITLE

H-H Lug With Warm Landing for AMS-02 Magnet Strap
|Ref. Drawing SCD0678, issue 07, Section H-H)

Crack Growth Model: Non Interaction
Equation/Table : NASGRO Equation

GEOMETRY
MODEL: CC03-Corner crack from hole in lug (2D).

Plate Thickness, € = 0.2010
Plate Width, W = 1.6380
Hole Diameter, D = 0.7087

FLAW SIZE: (User specified)

a [init.) = 0.1504 [Ref. The final crack sizes from
c {init.) = 0.1259 HH-clevis-cold-launch, Page §)
a/c (init.) = 1.195
MATERIAL
MATL 1: Edited file data ~2211

~2221

Material Header Info.:

Material 1 Data ID: F3KAI3AB1

Alloy Description : AIST 316/316L ~261
1
Alloy Cond/HT : Ann sht & plt
~2621
Product Form : ~2631
Environment : ~2641

Specimen Type

Specimen Orientation
Specimen Thickness
Specimen Width

Specimen Test Freguency
Data Reference

Material Properties:
:Matl: UTS : YS : Kle : Klc : Ak : Bk : Thk : Kc : Keac
: No.: : : R H : : : :

iMatl:i===——mmmmm e Crack Growth Egn Constants -—----—-=-————~—mm-=;
No.: C : n : p: ¢ : DKo : Cth+ :Cth- : Rcl:Alpha:Smax/:
: : : : : : : : :8IGo
1 :0.220D-09:3.200:0.25:0.25: 3.50: 1.50:; 0.10:0.70: 2.50: 0.30:
I[Ref. DIE205 Rev.D, Page 25 for UTS and ¥YS of 316L, 250mm thick)
H-H Lug With Warm Landing
MODEL: CCO03
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FATIGUE SCHEDULE BLOCK INPUT TAELE
One Block of Warm Landing
[Note: Stress = Input Value * Scale Factor]

Stress Scaling Factors for Block Case:; 1 [Name Block: LAND_ONLY)

Scale Factor for Stress $3: 0.33558 |[Ref. Warmclevig-hh.doe, Paga 2)

Schedule info. was input manually
Total No. of Blocks in Schedule = 12

Block Number and Case Correspondences
Block Number Block Case No.

From - To
1 - 12 1

Stresses: Tension, bending or pin

H-H Lug With Warm Landing
MODEL: CCO03

FATIGUE SCHEDULE BLOCK INPUT TABLE

One Block of Warm Landing

SINGLE DISTINCT BLOCK

s - M NUMBER H 83 : s
T ; A; oF H :
E T FATIGUE : :
P L CYCLES : (tl) 1£2) : 1tl) (t2)
1: 1 1.00 100.00 3.70 100.00 3.70:
2: 1 1.00 91.30 4.20 91.30 4.20:
3: 1 3.00 82.60 4.70 82.60 4.70:
4: 1 3.00 74.00 5.20 74.00 5.20:
5: 1 3.00 65.30 5.70 65.30 5.70:
6: 1 3.00 56.60 6.10 56.60 6.10
7: 1 13.00 47.390 6.60 47.90 6.60
8: 1 148.00 - 39.20 7.10 39.20 7.10:
9: 1 891.00 : 30.60 7.60 30.60 7.60:
10: 1 1273.00 21.90 8.10 21.90 8.10:
11: 1 2089.00 19.30 8.20 19.30 8.20:
12: 1 6581.00 : 17.50 B.30 17.50 B.30:
13: 1 8701.00 15.80 8.40 15.80 8.40:

Environmental Crack Growth Check for Sustained Stresses
(Kmax less than Keac): NOT SET

H-H Lug With Warm Landing
MODEL: CCO03

FATIGUE SCHEDULE BLOCK STRESS TABLE
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One Block of Warm Landing

S : M: NUMBER : 53 : 5
T : A: oF : :
E T: FATIGUE : (ksi) : lksi)
P L CYCLES H (tl) : 1t2) H (tl) : (t2)
1: 1: 1.00 33.56 1.24: 0.00: 0.00:
2: 1: 1.00 30.64 1.41: 0.00: 0.00;
3: 1: 3.00 27.72 1.58: 0.00: 0.00:
4; 1: 3.00 24 .83 1.75: 0D.00: 0.00:
5: 1: 3.00 21.91 1.91: 0.00; 0.00:
6: 1: 3.00 : 18.99: 2.05; D.00: 0.00:
T: 1: 13.00 - 16.07: 2.21: 0.00: 0.00:
B: 1: 148.00 13.15: 2.38: 0.00: 0.00:
9: 1: 891.00 - 10.27: 2.55: 0.00: 0.00:
10: 1: 1273.00 : 7.35;: 2.72: 0.00: 0.00:
11: 1: 2099.00 6.48: 2.75: 0.00: 0.00:
12: 1: 6581.00 - 5.87: 2.79: D.0D: 0.00:
13: 1: 8701.00 - 5.30: 2,B2: 0.00: 0.00:
Environmental Crack Growth Check for Sustained Stresses
|Kmax less than Keac): NOT SET
H-H Lug With Warm Landing
MODEL: CC03
ANALYSIS RESULTS:
Schdl Block Cycles Final Flaw Size K max
Step a = a-tip c-tip
1 1 19720. 0.15057 0.12599 34.129 29.685%
1 2 39440. 0.15076¢ 0.12610 34.148 29.710
1 3 59160. 0.15096 0.12622 34.166 29.734
1 4 78880. 0.15116 0.12633 34.185 29.758
1 5 98600. 0.15135 0.12645 34.203 28.782
1 6 118320. 0.15155 0.12656 34.222 29,4806
1 7 138040. 0.15175 D0.12668 34,241 29.830
1 8 157760. 0.15195 0.12680 34.260 25.855
1 9 177480. 0.15215 0.12692 34.279 29.879
1 10 197200. 0.15235 0.12703 34,2098 28.904
1 11 216920. 0.15255 0.12715 34,317 28.928
1 12 236640. 0.15275 0.12727 34.336 29.553
FINAL RESULTS:
Critical Crack Size has NOT been reached.
at Cycle No. B701.00
of Load Step No. 13 Description: None
of Block No. 12
of Schedule No. 1
Crack Sizes: a = 0.152750 , ¢ = 0.127272 , a/e = 1.2002
Total Cycles = 236640.00
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Material: AISI 316/316L (-452F)

NASA/FLAGRO Crack case type:

Section Properties:
Design Clevis Thickness
Plate thickness

Plate width
Hole diameter

Crack Properties:
Loads:

Strap load (cryo)
Load per side on clevis

CCD3

T=0.3504 in.(Ref. SCD0678, Sec. I-1)

t = 0.1752 in.(average thickness at
Sec. J-1)

w = 1.449 in.

D =0.5512 in.

a=0.10in.
¢=0.101n.

f = 8546 1bf (ref. John Ross Fax 1140 on 2/6/02)
Paxial = 8546/2 = 4273 Ibf




Name/Dat Page/Secti File N
Prepared By Saika Wang LOCKHEED MARTIN %F No.2 | Cryocs

Cryoclavis_jj
4/16/02
Checked By Science, Enginesring, Analysls, & Tast Drawing No. SCDo678
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Title AMS-02 Magnet Strap Clevis [Cryo)
Section J-J
Tensile Stress S3 = Paxial/D*T

S3 =4273/0.5512*0.3504=22.124 ksi

This clevis is part of the Strap at Section J-J. (Ref. Drawing SCD0678, issue 07, Section
J-I)

This clevis is at cryogenic temperature (-452F) for Truck transportation, Air
transportation, On-Orbit, and Launch/Landing conditions. The NASGRO analysis uses
truck air, On-orbit and Launch/Landing case spectrums at cryo temperature. The material
data used is from code AISI 316/316L of the NASGRO library, except that the UTS and
YS are changed as per the material property for the 3161 §.S. as per OIE2D5 Rev.D, Page
25.

The truck, air and on orbit spectrums are run for | mission with a scatter factor of 4 and
the Launch/Landing spectrum is run for 3 missions with a scatter factor of 4. Dye
penetrant inspection is used to inspect the clevis at Section J-J, and the standard dye
penetrant crack sizes a= 0.10 in and ¢ = 0.10 in are used (ref. JSC22267A, table 2).




Saike Wang JJ-clevis-all-cold 4/16/02

FATIGUE CRACK GROWTH ANALYSTS

DATE: 04/16/02 TIME: 15:40:05
(computed: NASGRO Version 3.0.4, Jan 2000.)
U.S. customary units [inches, ksi, ksi sqrtlin)]

PROBLEM TITLE

J-J Lug With Cold Launch and Landing for AMS-02 Magnet Strap
(Ref. Drawing SCD0678, issue 07, Section J-J)

Crack Growth Model: Non Interaction
Equation/Table : NASGRO Equation

GEOMETRY

MODEL: CC03-Corner crack from hole in lug [2D).

Plate Thickness, t = 0.1752
Plate Width, W = 1.4490
Hole Diameter, D = 0.5512

FLAW SIZE: [User specified)

Method of Inspection: Dye Penetrant
a (init.) = 0.1000

c (init.) 0.1000

a/c |init.) 1.000

MATERTIAL

MATL 1: Edited file data -2211
~2221

Material Header Info.:

Material 1 Data ID: F3KA13LA2
Alloy Description : AISI 316/316L ~2611

Alloy Cond/HT : Ann sht & plt ; -452F LHe
~2621
Product Form : ~2631

Environment : ~2641

Specimen Type

Specimen Orientation

Specimen Thickness

Specimen Width

Specimen Test Frequency

Data Reference

Material Properties:

.Matl: UTS : ¥YS : Kle : Xle : Ak : Bk : Thk : Kc : Keac

1 : 203. 1 162. 5 280.0. 200, 0 1.00: 0.50; 0. 175 299. E

:Matl:-wmmmem e Crack Growth Eqn Constants -----===-r-——====--— :
No.: c . n : p: g: DKo : Cth+ :Cth- : Rcl:Alpha:Smax/:
: : : : : : : : :SIGo
1 D 220D-09: 3 200 0. 25 0. 25 8. UU 1. 50 0.10: U 70 2. 50 0.30:
[Ref. DIE205 Rev. D, Page 25 for UTS and ¥S of 316L, 250 mm thick)
J-J Lug With Cold Launch and Landing
MODEL: CCO03
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FATIGUE SCHEDULE BLOCK INPUT TABLE

Four Blocks of VCMAGNET

[Note: Stress = Input Value * Scale Factor]

Stress Scaling Factors for Block Case: 1 ([Name Block: TRUCK3-VCMAGNET)
Scale Factor for Stress S3: 0.22124 |IRef. Cryoclevis_1qj.doe, Page 2)
Stress Scaling Factors for Block Case: 2  (AIR3-VCMAGNET)

Scale Factor for Stress S53: 0.22124

Stress Scaling Factors for Block Case: 3 (ONORBIT2-VCMAGNET)

Scale Factor for Stress S3: 0.22124

Stress Scaling Factors for Block Case: 4 (GSFC~-VCMAGNET)

Scale Factor for Stress S3: 0D.22124

Schedule info. was input manually

Total No. of Blocks in Schedule = 24

Block Number and Case Correspondences

Block Number Block Case No.
From - To

1 - 4 1

5 - g 2

9 - 12 3

13 - 24 4

Stresses: Tension, hending or pin

J-J Lug With Cold Launch and Landing
MODEL: CCD03

FATIGUE SCHEDULE BLOCK INPUT TABLE

Four Blocks of VCMAGNET

BLOCK CASE NO. 1

S M: NUMBER : 53 : 8

T ; A OF H

E : T: FATIGUE : :

P : L: CYCLES : tl) :  1t2) : €1y = 1e2)
1: 1: 1757.00 : 36.70 5.60 36.70 5.60
2: 1: 2148.00 30.10 65.40 30.10 6.40:
3: 1. 1366B.00 : 25.50 6.90 25.50: 6.90:
4: 1: 38857.00 : 21.90: 7.30 21.90: 7.30:
5: 1: 110517.00 : 19.50: 7.50 19.50 7.50:
6: 1: 150546.00 : 17.80: 7.70 17.80 7.70:
7: 1z 195456.00 16.50: 7.90 16.50: 7.90:
8: 1: 1440631.00 : 15.90: 7.90 15.90 7.90:

Environmental Crack Growth Check for Sustained Stresses
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(Kmax less than Keac): NOT SET

BLOCK CASE NO. 2

5 M NUMBER H 53 : s
T : A: OF H :
E : T FATIGUE H :
P L CYCLES : k1) :  (1t2) : (el) :  (t2)
1: 1 17832.00 : 43.10: 4.90 43,10 4.90:
2: 1: 594.00 : 43.10: 4.90: 43.10: 4.90;:
3: 1: 695448.00 - 22.60: 7.20: 22.60: 7.20:
4: 1: 30.00 43.10: 4.30 43.10 4.90
5: 1 17832.00 : 43.10: 4.90 43,10 4.90:
Environmental Crack Growth Check for Sustained Stresses
|Kmax less than Keac): NOT SET
BLOCK CASE NO. 3
S : M NUMBER : 53 : S
T s A OF : :
E T: FATIGUE : H
P L CYCLES : (tl) : (t2) H [tl) : (t2)
1: 1 34.00 14.10: 8.50 14.10 B.50:
2: 1 34.00 13.80: 8.50 13.90 8.5D:
3: 1 60.00 13.70: 8.50 13.70 B.50:
4: 1 179.00 : 13.50: B.50 13.50 8.50:
5: 1 117.00 14.10: 8.50 14.10 8.50:
6: 1 414.00 : 13.90: 8.50 13.90 8.50:
7: 1 2404.00 13.70: 8.50 13.70 8.50:
B: 1 9789.00 : 13.50: B.50 13.50 g9.50:
9: 1 62675.00 13.40: 8.50 13.40 8.50:
Environmental Crack Growth Check for Sustained Stresses
|Kmax less than Keac): NOT SET
ELOCK CASE NO. 4
S : M: NUMBER : 53 : s
T = A: OF :
E T FATIGUE : :
P L CYCLES H (1) : (t2) H (1) : [t2)
l: 1: 2.00 96.10 3.90 96.10 3.90:
2: 1: 4.00 88.10 4.30 B8.10 4.30:
3: 1 8.00 : 80.00 4.80 80.00 4.80:
4. 1: 15.00 72.00: 5.20 72.00 5.20
5: 1: 49.00 64.00: 5.60 64.00 5.60
6: 1: 81.00 : 55.90: £.00 55.90 6.00
7: 1: 178.00 : 47.90: 6.40 47.20 6.40
B: 1: 641.00 - 39.90: 6.80 39.90 6.80
9: 1: 3120.00 : 31.90: 7.20 31.90 7.20:
10: 1: 3405.00 : 23.80: 7.60 23.80 7.60:
11: 1: 5019.00 - 21.40: 7.80 21.40 7.80:
12: 1: 28853.00 : 19.80: 7.80 19.80 7.80:
13: 1: 91655.00 : 18.20: 7.90 18.20 7.90:

Environmental Crack Growth Check for Sustained Stresses
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(Kmax less than Keac): NOT SET

J-J Lug With Cold Launch and Landing
MODEL: CC03

FATIGUE SCHEDULE BLOCK STRESS TABLE

Four Blocks of VCMAGNET

8 : M: NUMBER : a3
T = A: QF £
E : T: FATIGUE : lksi)
P L CYCLES : (t1) :  (£2)

1: 1 1757.00 8.12:

2: 1 2148.00 6.66:

3: 1 13668.00 5.64:

4: 1 38857.00 4.B5:

5: 1 110517.00 4.31:

6: 1 150546.00 3.94:

7: 1 195456.00 3.65:

8: 1 1440631.00 3.52:

Environmental Crack Growth Check for Sustained

|[Kmax less than Keac): NOT SET

J-J Lug With Cold Launch and Landing
MODEL: CCO03

FATIGUE SCHEDULE BLOCK STRESS TABLE

el i e
o
o

5 : M: NUMBER : 53
T : A: OoF H
E T: FATIGUE : (ks1)
P L CYCLES . (cl) - (£2)
l: 1: 17832.00 9.54:
2: 1: 594.00 : 9.54;
3: 1: 595448.00 : 5.00:
4: 1: 30.00 9.54:
5: 1: 17832.00 9.54:

]

(ksi)

tl)

cCoo oo oo o

(£2)

Stresses

S

(ksi)

(el

(£2)

Environmental Crack Growth Check for Sustained Stresses

(Kmax less than Keac): NOT SET

J-J Lug With Cold Launch and Landing
MODEL: CCD3

FATIGUE SCHEDULE BLOCK STRESS TABLE

Four Blocks of VCMAGNET

oo o o oo o

5 M NUMBER : 53
T = A: OF H
E : T: FATIGUE : lksi)
P L CYCLES : lel) (t2)
1: 1 34.00 3.12:
2: 1 34.00 3.08:
3: 1 60.00 3.03:
4. 1 175.00 2.99:

4/16/02
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5: 1 117.00 3.12: 1.88: 0.00: 0.00:
6: 1: 414.00 3.08: 1.88: 0.00: 0.00:
7: 1: 2404.00 3.03: 1.88: 0.00: 0.00:
8: 1 9789.00 2.99: 1.88: 0.00: 0.00:
9: 1 £2675.00 2.96: 1.88: 0.00: 0.00:
Environmental Crack Growth Check for Sustained Stresses
|Kmax less than Keac): NOT SET
J-J Lug With Cold Launch and Landing
MODEL: CCO03
FATIGUE SCHEDULE BLOCK STRESS TABLE
Four Blocks of VCMAGNET
5 M NUMBER : s3 : 5
T : A: aF : :
E : T: FATIGUE : (ksi) : lksi)
P L CYCLES H (cl) - 1£2) : [tl) : 1t2)
1: 1: 2.00 21.26 0.86: 0.00: 0.00:
2: 1: 4.00 19.49 0.95: 0.00: 0.00:
3: 1: 8.00 - 17.70 1.06: 0.00: 0.00:
4: 1: 15.00 : 15.93: 1.15: 0.00: 0.00:
5: 1: 49 .00 : 14.16: 1.24: 0.00: 0.00:
6: 1: 81.00 : 12.37: 1.33: 0.00: 0.00:
7: 1: 178.00 : 10.60: 1.42: 0.00: 0.00:
g: 1: 641.00 : 8.83: 1.50: 0.00: 0.00:
9: 1: 3120.00 : 7.06: 1.59: 0.00: 0.00:
10: 1: 3405.00 : 5.27: 1.68: 0.00: 0.00:
11: 1: 5019.00 : 4.73: 1.73: 0.00: 0.00:
12: 1: 28853.00 : 4.38 1.73: 0.00: 0.00:
13: 1: 91655.00 4.03; 1.75: 0.00: 0.00:
Environmental Crack Growth Check for Sustained Stresses
(Kmax less than Keac): NOT SET
J-J Lug With Cold Launch and Landing
MODEL: CCD3
ANALYSIS RESULTS:
Schdl Block Cycles Final Flaw Size K max
Step a o] a-tip c-tip
1 1 1953580. 0.10000 0.10000 6.075 4.622
1 2 3907160. 0.10000 0.10000 65.075 4.622
1 3 5860740. 0.10000 0.10000 6.075 4,622
1 4 7814320. 0.10000 0.1000D 65.075 4.622
1 5 8546056. 0.10000 0.10000 7.135 5.428
1 6 9277792. 0.10000 0.10000 7.135 5.428
1 7 10009528. 0.10000 0.10000 7.135 5.428
1 B 10741264, 0.10000 0.10000 7.135 5.428
1 9 10816970. 0.10000 0.10000 2.334 1.776
1 10 10892676. 0.10000 0.10000 2.334 1.776
1 11 10968382. 0.10000 0.10000 2.334 1.776
1 12 11044088. 0.10000 0.10000 2.334 1.776
1 13 11177118. 0.10001 0.10000 15.909 12.102
1 14 11310148, 0.10002 D0.10000 15.909 12.103
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1 15 11443178. 0.10003 0.10000 15.909 12.103
1 16 11576208, 0.10004 0.10001 15,909 12.104
1 17 11709238. 0.10005 0.10001 15.910 12.105
1 18 11842268, 0.10006 0.10001 15.910 12.106
1 13 11975299. 0.10007 0.10001 15.910 12.106
1 20 12108328. 0.10008 0.10001 15.910 12.107
1 21 12241358, 0.10009 0.10001 15.910 12.108
1 22 12374388. 0.10010 0.10001 15.911 - 12.109
1 23 12507418. 0.10011 0.10001 15.911 ° 12.109
1 24 12640448, 0.10012 0.10002 15.911 12.110

FINAL RESULTS:

Critical Crack Size has NOT been reached.

at Cycle No. 91655.00

of Load Step No. 13 Description: None

of Block No. 24

of Schedule No. 1

Crack Sizes: a = 0.100120 , ¢ = 0.100016 , a/c = 1.0010

Total Cycles = 12640448.
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Material: AISI 316/316L (-452F)

NASA/FLAGRO Crack case type:

Section Properties:
Design Clevis Thickness
Plate thickness

Plate width
Hole diameter

Crack Properties:
Loads:

Strap load (cryo)
Load per side on clevis

CC03

T=0.3504 in.(Ref. SCD0678, Sec. J-J)

t = 0.1752 in.(average thickness at
Sec. J-))

w = 1.449 in.

D =10.5512in.

a=0.10in.
c=0.101n.

f = 8546 1bf (ref. John Ross Fax 1140 on 2/6/02)
Paxial = 8546/2 = 4273 1bf




Prepared By|Name/Date Page/Section |File Name
Saike Wang LOCKHEED MARTIN No. 2 Coldclevis_jj

4/16/02
Checked By Science, Enginesring, Analysls, & Tost Drawing No. SCD0578
5 A- «d ‘“*”“;{7"‘_'7'7':2_ Mechanical Systerns Analysis Depariment.
Title AMS-02 Magnet Strap Clevis (Cryo)
Section J-J
Tensile Stress S3 = Paxial/D*T

S3 =4273/0.5512*0.3504=22.124 ksi

This clevis is part of the Strap at Section J-J. (Ref. Drawing SCD0678, issue 07, Section
J-1)

This clevis is at cryogenic temperature (-452F) for Truck transportation, Air
transportation, On-Orbit, and Launch conditions. The NASGRO analysis uses truck air,
On-orbit and Launch case spectrums at cryo temperature. The material data used is from
code AISI 316/316L of the NASGRO library, except that the UTS and YS are changed as
per the material property for the 316L S.S. as per OIE205 Rev.D, Page 25.

The truck, air and on orbit spectrums are run for 1 mission with a scatter factor of 4 and
the Launch spectrum is run for 3 missions with a scatter factor of 4. Dye penetrant
inspection is used to inspect the clevis at Section J-J, and the standard dye penetrant crack
sizes a= 0.10 in and c = 0.10 in are used (ref. JSC22267A, table 2).
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FATIGUE CRACK GROWTH ANALYSIS

DATE: 04/16/02 TIME: 15:59:09
|computed: NASGRO Version 3.0.4, Jan 2000.)
U.S5. customary units [inches, ksi, ksi sqrtlin)]

FROBLEM TITLE

J-J Lug With Cold Launch for AMS-02 Magnet Strap
[Ref. Drawing SCDD678, iszsue 07, Section J-J)

Crack Growth Model: Non Interaction
Egquation/Table : NASGRO Equation

GEOMETRY

MODEL: CC03-Corner crack from hole in lug (2D).

Plate Thickness, t = 0.1752
Plate width, W = 1.4490
Hole Diameter, D = 0.5512

FLAW SIZE: [User specified)

Method of Inspection: Dye Penaetrant
a (init.) = 0.1000

¢ linit.) = 0.1000

a/e [init.) = 1.000

MATERIAL
MATL 1: Edited file data ~2211
~2221

Material Header Info.:
Material 1 Data ID: F3KA13LA2
Alloy Description : AIST 316/316L
~2611
Alloy Cond/HT : Ann sht & plt ; -452F LHe
~2621
Product Form : ~2631

Environment : ~2641

Specimen Type

Specimen Orientation

Specimen Thickness

Specimen Width

Specimen Test Freguency

Data Reference

Material Properties:

‘Matl: UTS : YS : Kle : Kle : Ak : Bk : Thk : Kc : Keac
NO.: N - - - . . - .

1 203.1: 152.5: ZBU.D: 200.0: 1.00: O. 50 0. 175 299. B

Matli-mr————————— - Crack Growth Egn Constants —-—-—--------—--—-——-—-— :
No.: (o : n : p: g : DKo : Cth+ :Cth- : Rel:Alpha:Smax/:
- . - - . - - .SIGO
1 0 220D-09: 3 200: D 25 0. 25 8. DO 1.50: 0. 10 0. 70 2. SU 0.30:
(Ref. OIE205 Rev. D, Page 25 for UTS and Y§ of 316L, 250 mm thick)
J-J Lug With Only Cold Launch
MODEL: CCO03
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FATIGUE SCHEDULE BLOCK INPUT TABLE

Four Blocks of VCMAGNET

[Note: Stress = Input Value * Scale Factor]

4/17/02

Stress Scaling Factors for Block Case: 1 [Name Block: TRUOK3-VCMAGNET)

Scale Factor for Stress S3: 0.22124 [Ref. Coldelavis_3jj.doc,

Stress Scaling Factors for Block Case: 2 |AIR3-VCMAGNET)

Scale Factor for Stress S3: 0.22124

Stress Scaling Factors for Block Case: 3 [ONORBIT2~VCMAGNET)

Scale Factor for Stress 83: 0.22124

Stress Scaling Factors for Block Case: 4 [LIFTOFF=-ONLY)

Scale Factor for Stress S3: 0.22124
Schedule info. was input manually
Total No. of Blocks in Schedule = 24

Block Number and Case Correspondences

Block Number Block Case No.
From - To
1 - 4 1
5 - B8 2
9 - 12 3
13 - 24 4

Stresses: Tension, bending or pin

J-J Lug With Only Cold Launch
MODEL: CCO03

FATIGUE SCHEDULE BLOCK INPUT TABELE

Four Blocks of VCMAGNET

BLOCK CASE NO. 1

s M NUMBER : 53 : 5

T = A: OF H :

E : T FATIGUE :

P L CYCLES H (tl) : (£2) : £l) :
1: 1: 1757.00 : 36.70: 5.60 36.70
2: 1: 2148.00 : 30.10: 6.40 30.10
3: 1: 13668.00 : 25.50: 6.90 25.50
4: 1: 38857.00 : 21.90: 7.30: 21.90:
5: 1: 110517.00 : 19.50: 7.50 19.50
6: 1: 150546.00 : 17.80: 7.70 17.80:
7: 1: 195456.00 : 16.50;: 7.30 16.50
8: 1: 1440631.00 : 15.90: 7.50: 15.90:

Environmental Crack Growth Check for Sustained Stresses

(Kmax less than Keac): NOT SET

Page2)
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BLOCK CASE NO. 2

Environmental Crack Growth Check for Sustained Stresses

BREee

NUMEBER
oF

FATIGUE

CYCLES

17832.00
594.00
6595448.00
30.00
17832.00

|IKmax less than Keac):

BLOCK CASE NO. 3

woe\Nadke W e

N e e

NUMEBER
OF

FATIGUE

CYCLES

JJ-clevis-cold-launch

53

(tl)

NOT SET

53

Environmental Crack Growth Check for Sustained Stresses
|Kmax less than Keac):

BLOCK CASE NO. 4

w

10:
11:
12:
13:

@~ oy Nl o

[ Y

NUMEBER
OF

FATIGUE

CYCLES

12.00
46.00
78.00
165.00
493.00
2229.00
2132.00
2920.00
22272.00
B2954.00

NOT SET

18.

383

20:

5

1t2) : (1) = (E2)

4.90 43.10 4

4.90 43.10 4

7.20 22.60 7

4.90 43.10 4

4.90 43.10 4
s

£2) : (£l) :  (t2)
8.50 14.10
8.50 13.90
8.50 13.70
8.50 13.50
B8.50 14.10
B.50 13.90
8.50 13.70
8.50 13.50
B8.50 13.40
5

(£2) (t1) (t2)
3.90 96.10
4.30 BE.10
4.80 B0.00
5.20 72.00
5.60 64.00
6.00 55.90
5.40 47.90
&.80 39.90:
7.20 31.90
7.60 23.80
7.80 21.40
7.80 19.80
7.90 18.20

Environmental Crack Growth Check for Sustained Stresses
[Kmax less than Keac):

NOT SET

J-J Lug With Only Cold Launch

(S ]

0o 00 00 OO OO OO €0 0o oo

N NN NNy Oy U U R W

4/16/02
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MODEL: CCO03

FATIGUE SCHEDULE BLOCK STRESS TABLE

5 ; M: NUMBER 3 53 : 5
T : A: OF : :
E T FATIGUE H |ksi) H |ksi)
P L CYCLES : (el) :  (t2) : (tl) = (t2)
1: 1: 1757.00 B.12: 1.24: 0.00: 0.0D:
2: 1: 2148.00 6.66: 1.42: 0.00: 0.00:
3: 1: 13668.00 5.64: 1.53: 0.00: 0.00:
4: 1: 38857.00 4.84: 1.61; 0.00: 0.00:
5: 1: 110517.00 4.31; 1.66: 0.00: 0.00:
6: 1: 150546.00 3.94: 1.70: 0.00: 0.00:
7: 1: 195456.00 3.65: 1.75: 0.00: 0.00:
8: 1: 1440631.00 3.52: 1.75: 0.00: 0D.00:
Environmental Crack Growth Check for Sustained Stresses
|Kmax less than Keac): NOT SET
J-J Lug With Only Cold Launch
MODEL: CCO03
FATIGUE SCHEDULE BLOCK STRESS TABLE
Four Blocks of VCMAGNET
S : M: NUMBER : 53 : s
T A oF : :
E T: FATIGUE : (kei) : (ksi)
P L CYCLES : (tl) (c2) : (t1l) : (t2)
1: 1 17832.00 9.54: 1.08: 0.00: 0.00:
2: 1: 594.00 : 9.54: 1.08: 0.00: 0.00:
3: 1: 695448 .00 : 5.00: 1.59: 0.00: 0.00:
4: 1: 30.00 : 9.54: 1.08: 0.00: 0.00
5: 1 17832.00 9.54: 1.08: 0.00: 0.00
Envircnmental Crack Growth Check for Sustained Stresses
[Kmax less than Keac): NOT SET
J-J Lug With Only Cold Launch
MODEL: CCO03
FATIGUE SCHEDULE BLOCK STRESS TABLE
Four Blocks of VCMAGNET
5 : M: NUMBER : S3 : S
T : A: OF : 3
E : T: FATIGUE : (ksi) : (ksi)
P L CYCLES : tl) (t2) : (t1l) (£2)
1: 1 34.00 3.12: 1.88B: 0.00: 0.00:
2: 1 34.00 3.08: 1.88: 0.00: 0.00:
3: 1 60.00 3.03: 1.88: 0.00: 0.00:
4. 1 179.00 2.99: 1.88: 0.00D: 0.00:
5: 1 117.00 3.12: 1.88: 0.00: 0D.00:
6: 1 414.00 3.08: 1.88: 0.00: 0.00:
7: 1 2404.00 3.03: 1.88: 0.00: 0D.00:
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B: 1: 9789.00 2.99: 1.88: 0D.00: 0.00:
9: 1: 62675.00 : 2.96: 1.88: D.00: 0.00:

Environmental Crack Growth Check for Sustained Stresses
(Kmax lesg than Keac): NOT SET

J-J Lug With Only Cold Launch
MODEL: CCOD3

FATIGUE SCHEDULE BLOCK STRESS TABLE

Four Blocks of VCMAGNET

s t M NUMBER : s3 : s
T : A OF H :
E T: FATIGUE : lksi) : (ksi)
P L CYCLES : (tl) [£2) : 1tl) (£2)
1: 1: 1.00 21.26 0.86; 0.00: 0.00:
2: 1: 3.00 19.49 0.95: 0.00: 0.0D:
3: 1: 5.00 : 17.70: 1.06: 0.00: 0.0D:
4: 1: 12.00 : 15.93: 1.15: 0.00: 0.0D:
5: L: 46.00 : 14.16: 1.24: 0.00: 0.0D:
6: 1: 78.00 : 12.37; 1.33: 0.00: 0.00:
7: 1: 165.00 - 10.60: 1.42: 0.00: 0.0D:
B: 1: 493.00 ; 8.83: 1.50: 0.00: 0.0D;
9: 1: 2229.00 7.06: 1.59: 0.00: 0.00:
10: 1: 2132.00 : 5.27: 1.68: 0.00: 0.00:
11: 1: 2920.00 - 4.73; 1.73: 0.00: 0.0D:
12: 1: 22272.00 : 4.38: 1.73: 0.00: 0.00:
13: 1: 82954.00 4.03: 1.75: 0.00: 0.0D
Environmental Crack Growth Check for Sustained Stresses
(Kmax less than Keac): NOT SET
J-J Lug With Only Cold Launch
MODEL: CCO03
ANALYSIS RESULTS:
Schdl Block Cycles Final Flaw Size K max
Step a C a-tip c-tip
1 1 1953580. 0.10000 0.10000 6.075 4.621
1 2 3907160. 0.10000 0.10000 65.075 4,621
1 3 5860740. 0.10000 0.10000 6.075 4.621
1 4 7814320. 0.10000 0.10000 65.075 4,621
1 5 8546056. 0.10000 0.10000 7.135 5.427
1 6 9277792. 0.10000 0.10000 7.135 5.427
1 7 10009528. 0.10000 0.10000 7.135 5.427
1 8 10741264, 0.10000 0.10000 7.135 5.427
1 9 10816970. 0.10000 0.10000 2.334 1.776
1 10 10892676. 0.10000 0.10000 2.334 1.776
1 11 10968382. 0.10000 0.10000 2.334 1.776
1 12 11044088. 0.10000 0.20000 2.334 1.776
1 13 111573%8. 0.10001 0.10000 15.908 12.101
1 14 11270708. 0.10002 0.10000 15.908 12.102
1 15 11384018. 0.10002 0.10000 15.908 12.103
1 16 11497328. 0.10003 0.10000 15.909 12.103
1 17 11610638. 0.10004 0.10000 15.909 12.104
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1 18 11723948, 0.10005 0.10001 15.909 12.105
1 19 11837258. 0.10006 0.10001 15.909 12.10%
1 20 11950568. 0.10007 0.10001 15.9009 12.106
1 21 12063878, 0.10007 0.10001 15.909 12.107
1 22 12177188. 0.10008 0.10001 15.5810 12.107
1 23 12290458. 0.10009 0.10001 15.910 12.108
1 24 12403808. 0.10010 0.10001 15.910 12.108

FINAL RESULTS:

¢Critical Crack 8ize has NDOT been reached.

at Cycle No. 82954.00

of Load Step No. 13 Description: None

of Block No. 24

of Schedule No. 1

Crack Sizegs: a = 0.100100 , c = 0.100011 , a/e = 1.00009

Total Cycles = 12403808.
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Material: AISI316/316L (75F)

NASA/FLAGRO Crack case type:

Section Properties:
Design Clevis Thickness
Plate thickness

Plate width
Hole diameter

Crack Properties:

Loads:
Strap load (cryo)
Load per side on clevis

CCD3

T=0.3504 in. (Ref. SCD0678, Sec. J-J)

t=0.1752 in. (average thickness at
Sec. J-))

w = 1.449 in.

D =0.5512in.

a=0.1001 in. (Ref. JJ-clevis-cold-launch, P6)
c =0.10001 in.
a/c=1.001

f = 5894 Ibf (Ref. John Ross Fax 1140, dated 2/6/02)
Paxial = 5894/2 = 2947 1bf




Prepared By Na_melDate Page/Section  [File Name
f/e;ul;/eu\éVang LOCKHEED MARTIN 4 No. 2 Warmclevis_jj
Checked B Science, Engineering, Analysis, &] Drawing No. SCDOB78
y Z‘;,(,_LJ — Test
4—/"}/0 C Machanical Systems Analysis Department.
Title AMS-02 Magnet Strap Clevis (Warm)
Section J-J
Tensile Stress S3 = Paxial/D*T

53 =2947/0.5512*0.3504=15.258 ksi

This clevis is part of the Strap at Section J-J. (Ref. Drawing SCD0678, issue 07, Section
J-I)

This clevis is at room temperature (75F) for the Landing condition. The NASGRO
analysis uses the landing case spectrum at room temperature. The material data used is
from code ATST 316/316L of the NASGRO library, except that the UTS and YS are
changed as per the material property for the 316L S.S. as per OIE205 Rev.D, Page 25.

The landing spectrum is run for 3 missions with a scatter factor of 4. The final crack size
from the cold launch condition a= 0.1001 in, ¢=0.1000 in, and a/c = 1.001 are used as
the initial crack sizes for this model.
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FATIGUE CRACK GROWTH ANALYSIS

DATE: 04/17/02 TIME: 09:16:03
(computed: NASGRO Version 3.0.4, Jan 2000.)
U.S. customary units [inches, ksi, ksi sgrtlin)]

PROBLEM TITLE

J-J Lug With Warm Landing for AMS5-02 Magnet Strap
[Ref. Drawing SCD0678, issue 07, Section J-J)

Crack Growth Model: Non Interaction
Egquation/Table : NASGRO Eguation

GEOMETRY

MODEL: CC03-Corner crack from hole in lug (2D).

Plate Thickness, t = 0.1752
Plate width, W = 1.4450
Hole Diameter, D = 0.5512

FLAW SIZE: [User specified)

a [init.) = 0.1001 |IRef. The final crack sizes from
0.1000 JJ-clevig=-cold-launch, Page 6)
1.001

c (init.)
a/c linit.)

MATERIAL

MATL 1: Edited file data ~2211
~2221

Material Header Info.:

Material 1 Data ID: F3KAL3ABR1

Alloy Description : AISI 316/316L
~2611

Alloy Cond/HT : Ann sht & plt
~2621

Product Form : ~2631

Environment : ~-2641

Specimen Type

Specimen Orientation

Specimen Thickness

Specimen Width

Specimen Test Frequency

Data Reference

Material Properties:

:Matl: UT® : YS : Kle : Kle : Ak : Bk : Thk : Ke¢ 1 Keac
ND.: . - - - . . - -

tMatl:--—-——---—————- Crack Growth Egn Constants ---—-==-=--=--~—-————-— :
No.: o : n : p: g : DKo : Cth+ :Cth- : Rcl:Alpha:Smax/:

: : : : : : : : 1 851Go
1 :0.220D-09:3.200:0.25:0.25: 3.50: 1.50: 0.10:0.70: 2.50: 0.30:

|[Ref. OIE205 Rev.D, Page 25 for UTS and YS of 316L, 250mm thick)
J-J Lug With Warm Landing
MODEL: CCO03
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FATIGUE SCHEDULE BLOCK INPUT TAELE
One Block of Warm Landing
[Note: Stress = Input Value * Scale Factor]

Stress Scaling Factors for Block Case: 1 |[Name Block: LAND ONLY)

Scale Factor for Stress S3: 0.15258 (Raf. Warmclevis-jj.doc, Page 2)

Schedule info. was input manually
Total No. of Blocks in Schedule = 12
Block Number and Case Correspondences
Block Number Block Case No.
From - To
1 - 12 1

Stresses: Tension, bending or pin

J-J Lug With Warm Landing
MODEL: CCO03

FATIGUE SCHEDULE BLOCK INPUT TABLE

One Block of Warm Landing

SINGLE DISTINCT BLOCK

S M NUMBER : 53 : ]
T : A: OoF H H
E T FATIGUE : I
P L CYCLES : (tl) : (£2) : l1£l) 1£2)
1: 1 1.00 100.00 3.70 100.00 3.70
2: 1 1.00 91.30 4.20 91.30: 4.20
3: 1 3.00 82.60 4.70 B2.60 4.70:
4: 1 3.00 74.00 5.20 74.00 5.20:
5: 1 3.00 65.30 5.70 65.30 5.70:
6: 1 3.00 56.60 6.10 56.60 6.10:
7: 1 13.00 47.90: .60 47.90 6.60:
8: 1 148.00 - 39.20: 7.10 39.20 7.10:
9: 1 891.00 : 30.60; 7.60 30.60 7.60:
10: 1 1273.00 : 21.90: 9.10 21.90 B.10:
11: 1 2095.00 : 19.30: 8.20 19.30 B.20:
12: 1 6581.00 - 17.50: 8.30 17.50 8.30:
13: 1 8701.00 : 15.80;: 8.40 15.80 H.40:

Environmental Crack Growth Check for Sustained Stresses
|[Kmax less than Keac): NOT SET

J-J Lug With Warm Landing

MODEL: CCO03
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FATIGUE SCHEDULE BLOCK STRESS TABLE

.00:
.00:
.00:
.00:
.00:
.00:
.00:
.00:

4/17/02

5 :: M NUMBER : 53

T : A: OF :

E T FATIGUE : lksi) :

P L CYCLES : (£l) : |t2) : (tl)
1: 1: 1.00 15.26 0.56: 0
2: 1: 1.00 13.93 0.64: 0
3: 1: 3.00 12.60: 0.72: 0
4: 1: 3.00 11.29: 0.79;: 0
5: 1: 3.00 9.96: 0.87: 0
6; 1: 3.00 B8.64: 0.93: 0
7: 1: 13.00 7.31: 1.01: 0
B: 1: 148.00 5.98: 1.08: 0
9: 1: 851.00 4.67: 1.16: 0

10: 1: 1273.00 3.34: 1.24: 0
11: 1: 2099.00 2.94: 1.25: 0
12: 1: 6581.00 2.67: 1.27: 0
13: 1: B701.00 2.41: 1.28: 0

.00:

Environmental Crack Growth Check for Sustained Stresses

|Kmax less than Keac): NOT SET

J~J Lug With Warm Landing
MODEL: CCO03

ANALYSIS RESULTS:

Schdl Block Cycles Final Flaw Size
Step a c
1 1 19720. 0.10010 0.10000
1 2 39440. 0.10010 0.10000
1 3 59160. 0.10010 0.10000
1 4 79880, 0.10011 0.10000
1 5 98600. 0.10011 0.210000
1 & 118320. 0.10011 0.10000
1 7 138040. 0.10011 o0.10000
1 8 157760, 0.10011 0.10000
1 9 177480. 0.10011 0.10000
1 10 197200. 0.10011 0.10000
1 11 216920. 0.10011 o0.10000
1 12 236640. 0.10012 0.10000

FINAL RESULTS:
Critical Crack S8ize haz NOT been reached.

at Cycle No. 8701.00

of Load Step No. 13 Description: None
of Block No. 12

0f Schedule No. 1

Crack Sizes: a = 0.100115 , ¢ = 0.100003

Total Cycles = 236640.00

OO0 oo o0 C oo 0o ooo
F

K

a-tip

11.

11.
11.
11.
11.
11.
11.
11.
11.
11.
11.

]

418
.418
4149
418
418
418
418
418
418
418
418
418

a/c

0D:
00:
00:
00:
00:
00:
0D:
00:
00:
00:
00:
00:
0D:
max
c-tip
B.691
8.691
8.691
8.691
B.691
8.691
8.691
8.691
8.691
8.691
B.691
8.691
= 1.0011
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Science, Englineering, Analysis, & Test Drawing No.
Maechanical Systems Analysls Depariment.

Title AMS-02 Magnet Strap Clevis [Cryo)
Section K-K
Material: AISI 316/316L. (-452F)

NASA/FLLAGRO Crack case type:

Section Prop

erties:

Design Clevis Thickness
Plate thickness

Plate width

Hole diameter

Crack Properties:

Loads:

Strap load (cryo)

Load

per side on clevis

CcCo3

T=0.2677 in. (Ref. SCD0678, Sec. K-K)
t = 0.1339 in.(average thickness at

Sec. K-K)
w = 1.20902 in.
D =0.5512 1in.
a=0.10in.
c=0.10 in.

f = 8546 Ibf (ref. John Ross Fax 1140 on 2/6/02)
Paxial = 8546/2 = 4273 1bf
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Checked By Zfs Jed Science, Englnesring, Analysis, & Test Drawing No. SCD0s78
P/L‘- - ‘“'4 /,7 /';',;_' Mechanical Systems Analysis Depariment.
Title AMS-D2 Magnet Strap Clevis [Cryo)
Section K-K
Tensile Stress §3 = Paxial/D*T

83 =4273/0.5512*0.2677=28.958 ksi

This clevis is part of the Strap at Section K-K. (Ref. Drawing SCD0678, issue 07, Section
K-K)

This clevis is at cryogenic temperature (-452F) for Truck transportation, Air
transportation, On-Orbit, and Launch/Landing conditions. The NASGRO analysis uses
truck air, On-orbit and Launch/Landing case spectrums at cryo temperature. The material
data used is from code AISI 316/316L of the NASGRO library, except that the UTS and
YS are changed as per the material property for the 316L S.S. as per OIE205 Rev.D, Page

25.

The truck, air and on orbit spectrums are run for 1 mission with a scatter factor of 4 and
the Launch/Landing spectrum is run for 3 missions with a scatter factor of 4. Dye
penetrant inspection is used to inspect the clevis at Section K-K, and the standard dye
penctrant crack sizes a= 0.10 in and ¢ = 0.10 in are used (ref. JSC22267A, table 2).




Saike Wang

KK-clevis-all-cold

FATIGUE CRACK GROWTH ANALYSIS

DATE: (04/17/02 TIME: 13:05:03
{(computed: NASGRO Version 3.0.4, Jan 2000.)
U.S. customary units [inches, ksi, ksi sqgrt(in)]

PROBLEM TITLE

K=K Lug With Cold Launch and Landing for AMS-02 Magnet Strap
[Ref. Drawing SCD0678,issue 07, Section K-K)

Crack Growth Model: Non Interaction
Egquation/Table NASGRO Equation

GEOMETRY

MODEL: CCO03-Corner 12D) .

crack from hole in lug
0.1339
1.2992
0.5512

Plate Thickness, t
Plate Width, W
Hole Diameter, D

FLAW SIZE: l|uger specified)

Method of Inspection: Dye Penestrant
a linit.) = 0.1000

C linit.) = 10,1000

a/c (init.) 1.000

i

MATERIAL

~2211
~2221

MATL 1: Edited file data
Material Header Info.:

1 Data ID: F3KAL13LAZ
AISI 316/316L

Material
Alloy Description ~261
1

Ann sht & plt ; -452F LHe
~2621

~2631

Alloy Cond/HT
Product Form :

Environment ~2641

Specimen Type

Specimen Orientation

Specimen Thickness

Specimen Width

Specimen Test Fregquency

Data Reference

Material Properties:

:Matl: UTS YS : :
No. : H : : : : H : H

Matl:-—--—=====-=-=--- Crack Growth Egn Constants -----—-===-======---:

No.: C : n : p: g : DKo Cth+ :Cth- Rcl:Alpha:Smax/:
: : : : : : :5IGo

1 :0.220D-09:3.200:0.25:0.25: 8.00: 1.50: 0.10:0.70: 2.50: 0.30:

|[Ref. DIE205 Rev.D, Page 25 for UTS and Y8 of 316L, 250 mm thick)
K-K Lug With Cold Launch and Landing
MODEL: CCO03

4/17/02
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FATIGUE SCHEDULE BLOCK INPUT TABLE

Four Blocks of VCMAGNET

[Note: Stress = Input Value * Scale Factor]

Stress Scaling Factors for Block Case:
Scale Factor for Stress 53: 0.28958
Stress Scaling Factors for Block Case:
Scale Factor for Stress 83: 0.2B958
Stress Scaling Factors for Block Case:
Scale Factor for Stress 53: 0.28958
Stress Scaling Factors for Block Case:
Scale Factor for Stress S53: 0.2B958

Schedule info. was input manually

Total No. of Blocks in Schedule = 24

1

Block Number and Case Correspondences

Block Number

From - To
1 - 4
5 - 8
9 - 12
13 - 24

Stresses: Tension, bending or pin

K-K Lug With Cold Launch and Landing
MODEL: CCO03

FATIGUE SCHEDULE BLOCK INPUT TABLE

Four Blocks of VCMAGNET

BLOCK CASE NO. 1

s : M NUMEBER : s3

T : A: oF :

E : T: FATIGUE :

P L CYCLES H (el) (£2)
1: 1: 1757.00 36.70
2: 1: 2148.00 30.10
3: 1: 13668.00 25.50:
4; 1: 38857.00 : 21.90:
5: 1: 110517.00 ; 19.50:
6: 1: 150546.00 : 17.80;:
7+ 1: 195456.00 : 16.50:
B: 1: 1440631.00 : 15.90:

NN NNy 1

B W

[Name Block:

4/17/02

TRUCK3-VCMAGNET)

[Ref. Cryoclaevis_ kk.doc, Page 2)

|ATR3=-VCMAGNET)

[ONORBIT2~VCMAGNET)

[GSFC-VCMAGNET)

Block Case No.

1t1)

(£2)

Environmental Crack Growth Check for Sustained Stresses

|Kmax less than Keac): NOT SET

NNy
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BLOCK CASE NO. 2

3 : M NUMBER H 83 : s
T : A: OF : :
E T FATIGUE : :
P L CYCLES H (1) - [£2) : (t1) : (t2)
l: 1 17832.00 : 43.10: 4.90 43.10 4.90:
2: 1: 594 .00 : 43.10; 4.90: 43,10 4.90:
3: 1: 695448.00 22.60: 7.20: 22.60: 7.20:
4: 1 30.00 : 43.10: 4.90 43.10 4.90:
5: 1 17832.00 43.10;: 4.90 43 .10 4.90
Environmental Crack Growth Check for Sustained Stresses
(Kmax less than Keac): NOT SET
BLOCK CASE NO. 3
S : M NUMBER H S3 H S
T : A: OF :
E T: FATIGUE : :
P L CYCLES H 1tl) 1£2) H (tl) : 1£2)
1: 1 34.00 14.10: 8.50 14.10 8.50:
2: 1 34.00 13.90 B.50 13.90 B.50:
3: 1 60.00 13.70 8.50 13.70 8.50:
4: 1 179.00 13.50: B.50 13.50 9.50:
5: 1 117.00 14.10: B.50 14.10 8.50:
6: 1 414.00 : 13.90: B.50 13.90 B.50:
7: 1 2404.00 13.70: B.50 13.70 B.50:
g: 1 9789.00 13.50: B.50 13.50 8.50:
9: 1 62675.00 13.40: 8.50 13.40 B.50:
Environmental Crack Growth Check for Sustained Stresses
(Kmax less than Keac): NOT SET
BLOCK CASE NO. 4
5 : M NUMBER : 83 : s
T : A: OF : H
E T FATIGUE ' H
P L CYCLES : (tl) : 1t2) 3 (t1l) : 1£2)
1: 1: 2.00 96.10 3.90 96.10: 3.80:
2: 1: 4.00 88.10 4.30 B8.10 4.30:
3: 1: 8.00 : 80.00: 4.80 80.00 4.80:
4: 1: 15.00 : 72.00: 5.20 72.00: 5.20:
5: 1: 49.00 : 64.00: 5.60 6£4.00: 5.60:
6: 1: BL.00 : 55.90: 6.00 55.90 6.00:
7: 1: 178.00 : 47 .90: 65.40 47.90 6.40:
g: 1: 641.00 - 39.90: 6.80 39.80 6.80:
9: 1: 3120.00 : 31.90: 7.20 31.90: 7.20:
10: 1: 3405.00 : 23.80: 7.60 23.80 7.60:
11: 1: 5019.00 21.40: 7.80 21.40 7.80:
12: 1: 28853.00 19.80: 7.80 19.80 7.80:
13: 1: 91655.00 - 18.20: 7.90 18.20 7.90:

Environmental Crack Growth Check for Sustained Stresses
(Kmax less than Keac): NOT SET
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K-K Lug With Cold Launch and Landing
MODEL: CCO03

FATIGUE SCHEDULE BLOCK STRESS TABLE

s : M: NUMBER : S3

T : A: OF

E : T: FATIGUE : (ksi)

P L CYCLES H (t1l) : (2
1: 1: 1757.00 10.63:
2: 1: 2148.00 B.72:
3: 1: 13668.00 7.38:
4: 1: 38857.00 6§.34:
5: 1: 110517.00 5.65;:
6: 1: 150546.00 5.15;
7: 1: 195456.00 4.78:
8: 1: 1440631.00 4.60:

Environmental Crack Growth Check for Sustained

(Kmax less than Keac): NOT SET

K-K Lug With Cold Launch and Landing
MODEL: CC03

FATIGUE SCHEDULE BLOCK STRESS TABLE

Four Blocks of VCMAGNET

BB B BN
o e e

oo o o oo oo

S

(ksi)
(tl)

£2)

Stresses

S : M: NUMBER H 53
T : A: OF :
E T: FATIGUE : lksi)
P L CYCLES : (tl) : [e2
1: 1 17832.00 : 12.48:
2: 1: 584.00 - 12.48:
3: 1: 695448.00 6.54:
4: 1: 30.00 : 12.48:
5; 1 17832.00 : 12.48:

Environmental Crack Growth Check for Sustained Stresses

[Kmax less than Keac): NOT SET

K-K Lug With Cold Launch and Landing
MODEL: CCO03

FATIGUE SCHEDULE BLOCK STRESS TABLE

5 : M: NUMBER H 83
T : A: OF :
E : T: FATIGUE : (ks1i)
P L CYCLES H tl) = (2
1: 1: 34.00 4.08:
2: 1: 34.00 4.03:
3: 1: 60.00D 3.97:
4: 1: 179.00 3.91:
5: 1: 117.00 4.08:
6: 1: 414.00 4.03:

coO oo oo oo

4/17/02
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7: 1: 2404.00 3.97: 2.46: 0.00: D.00:
B: 1: 9789.00 3.91: 2.46: 0.00: 0.00:
9: 1: 62675.00 : 3.88: 2.46: 0.00: 0.00:

Environmental Crack Growth Check for Sustained Stresses
|[Kmax less than Keac): NOT SET

K-K Lug With Cold Launch and Landing
MODEL: CCO03

FATIGUE SCHEDULE BLOCK STRESS TABLE

5 : M: NUMBER : S3 H S
T : A: OF : :
E : T: FATIGUE B lkesi) H lksi)
P L CYCLES ' tl) t2) H [tl) 1t2)
1: 1: 2.00 27.B3 1.13: 0.00: 0.00:
2: 1: 4.00 25.51 1.25: 0.00: D.00:
3: 1: 8.00 : 23.17 1.39;: D.00: D.00:
4: 1: 15.00 : 20.85: 1.51: 0.00: 0.00:
5: 1: 49.00 : 18.53: 1.62: 0.00: 0.00:
6: 1: B1.00 : 16.19: 1.74: 0.00: 0.00;
7: 1: 178.00 - 13.87: 1.85: 0.00: 0.00:
8: 1: 641.00 : 11.55: 1.97: 0.00: 0.00:
9: 1: 3120.00 : 9.24: 2.08: 0.00: 0.00:
10: 1: 3405.00 : £.89: 2,20: 0.00: 0.00;
11: 1: 5019.00 - 6.20: 2.26; 0.00: 0.00:
12: 1: 28853.00 ; 5.73: 2.26: 0.00: 0.00:
13: 1: 91655.00 5.27: 2.29: 0.00: 0.00:
Environmental Crack Growth Check for Sustained Stresses
[Kmax less than Keac): NOT SET
K-K Lug With Cold Launch and Landing
MODEL: CCO03
ANALYSIS RESULTS:
Schdl Block Cycles Final Flaw Size K max
Step a o a-tip c-tip
1 1 1953580. 0.10006 0.10000 9,613 7.827
1 2 3907160. 0.10012 0.10000 9.614 7.831
1 3 5860740. 0.10019 0.10000 9.614 7.834
1 4 7814320, 0.10025 0.10000 9.615 7.838
1 5 8546056, 0.10329 0.10107 11.373 9.3B3
1 6 9277792. 0.10644 0.10233 11.472 9.583
1 7 100098528, 0.10871 0.10378 11.582 9.790
1 B 10741264. 0.11312 0.10542 11.724 10.043
1 9 10816970, 0.11312 0.10542 3.832 3.280
1 10 10892676. 0.11312 0.10542 3.832 3.280
1 11 10968382, 0.11312 0.10542 3.832 3.280
1 12 11044088. 0.11312 0.10542 3.832 3.280
1 13 11177118. 0.11325 0.10549 26.119 22.354
1 14 11310148. 0.11338 D0.105586 26.130 22.373
1 15 11443178. 0.11352 0.10562 26.141 22.392
1 16 11576208. 0.11365 0.10569 26,153 22.411
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1 17 11709238. 0.11378 0.10576 26.164 22.430
1 18 11842268, 0.113%2 0.10583 26.175 22.450
1 18 11975298, 0.11405 0.105391 26.187 22,469
1 20 12108328. 0.11419 0.10598 26.198 22.488
1 21 12241358, 0.11432 0.10605 26,210 22.507
1 22 12374388. 0.11446 0.10612 26.221 22.527
1 23 12507418. 0.11459 0.10619 26.233 22.546
1 24 12640448, 0.11473 0.10626 26.244 22.565

FINAL RESULTS:

Critical Crack Size has NOT been reached.

at Cycle No. 91655.00

of Load Step No. 13 Description: None

of Block No. 24

of Schedule No. 1

Crack Sizes: a = 0.114727 , & = 0.106263 , a/c = 1.0737

Total Cycles = 12640448.
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Checked By - (.- A Science, Engineering, Analysis, & Test Drawing No. SCDo678
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oz
Title AMS-02 Magnet Strap Clevis (Cryo),
Section K-K
CcCo3
P Wt

Material: AISI 316/316L (-452F)

NASA/FLAGRO Crack case type:

Section Prop

erties:

Design Clevis Thickness

Plate thickne

Plate width

58

Hole diameter

Crack Properties:

Loads:
Strap
Load

load (cryo)
per side on clevis

CCo3

T=0.2677 in.(Ref. SCD0678, Sec. K-K)
t =0.1339 in.(average thickness at
Sec. K-K)
w=1.2992 in.
D =0.5512 in.

a=0.10in.
c=0.101in.

f = 8546 Ibf (ref. John Ross Fax 1140 on 2/6/02)
Paxial = 8546/2 = 4273 1bf
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Checked By Science, Engineering, Analysis, &| Drawing No. SCDO0678
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ol 4_/]‘,/02— Machanical Systems Analysis Departmant.
Title AMS-02 Magnet Strap Clevis (Cryo)’
Section K-K
Tensile Stress S3 = Paxial/D*T

§3 =4273/0.5512*0.2677=28.958 ksi

This clevis is part of the Strap at Section K-K. (Ref. Drawing SCD0678, issue 07, Section
K-K)

This clevis is at cryogenic temperature (-452F) for Truck transportation, Air
transportation, On-Orbit, and Launch conditions. The NASGRO analysis uses truck air,
On-orbit and Launch case spectrums at cryo temperature. The material data used is from
code AIST 316/316L of the NASGRO library, except that the UTS and Y S are changed as
per the material property for the 316L S.S. as per OIE205 Rev.D, Page 25.

The truck, air and on orbit spectrums are run for 1 mission with a scatter factor of 4 and
the Launch spectrum is run for 3 missions with a scatter factor of 4. Dye penetrant
inspection is used to inspect the clevis at Section K-K, and the standard dye penetrant
crack sizes a= 0.10 in and ¢ = 0.10 in are used (ref. JSC22267A, table 2).
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FATIGUE CRACK GROWTH ANALYSIS

DATE: 04/17/02 TIME: 13:10:47
|computed: NASGRO Version 3.0.4, Jan 2000.)
U.S. customary units [inches, ksi, ksi sgrt(in)]

PROBLEM TITLE

K-K Lug With Cold Launch for AMS-02 Magnet Strap
I[Ref. Drawing SCD0678, issue 07, Sectlon K-K)

Crack Growth Model: Non Interaction
Equation/Table : NASGRO Equation

GEOMETRY

MODEL: CC03-Corner crack from hole in lug (2D).

Plate Thickness, t = 0D.1339
Plate Width, W = 1.2992
Hole Diameter, D = 0.5512

FLAW SIZE: |User specified)

Method of Inspection: Dye Penetrant
a (init.) = 0.1000

¢ linit.) = 0.1000

a/¢ (init.) = 1.000

MATERIAL

MATL 1: Edited file data ~2211
~2221

Material Header Info.:

Material 1 Data ID: F3KAl3LA2
Alloy Description : ATST 316/316L
~2611
Alloy Cond/HT : Ann sht & plt ; -452F LHe
~2621
Product Form : ~2631

Environment : ~2641

Specimen Type

Specimen Orientation

Specimen Thickness

Specimen Width

Specimen Test Fregquency

Data Reference

Material Properties:

:Matl: UTS : YS : Kle : Kle : Ak : Bk : Thk : Xc : Keac
: No.: : H H d : : :

Ll : 203.%: 162.5: 280.0: 200.0: 1.00: 0.50: 0.134: 295.9:

tMatl:------mmm Crack Growth Eqn Constants -------ww=-m---mmmo :
No.: c : n : p: g : DKo : Cth+ :Cth- : Rcl:Alpha:Smax/:
: : : : : : : :SIGo

1 :0.220D0-09:3.200:0.25:0.25: 8.00: 1.50: 0.10:0.70: 2.50: 0.30:
|IRef. DIE205 Rev. D, Page 25 for UTS and YS of 316L, 250 mm thick)
K-K Lug With Only Cold Launch
MODEL: CC03
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FATIGUE SCHEDULE BLOCK INPUT TABLE

Four Blocks of VCMAGNET

[Note: Stress = Input Value * Scale Factor]

Stress Scaling Factors for Block Case: 1 (Name Block:

Scale Factor for Stress S3: 0.28958
Stress Scaling Factors for Block Case: 2
Scale Factor for Stress S3: 0.28958
Stress Scaling Factors for Block Case: 3
Scale Factor for Stress S3: 0.28958
Stress Scaling Factors for Block Case: 4
Scale Factor for Stress S3: 0.2B8358
Schedule info. was input manually

Total No. of Blocks in Schedule = 24

Block Number and Case Correspondences
Block Number

From - To
1 - 4 1
5 - 8 2
9 - 12 3
13 - 24 4

Stresses: Tension, bending or pin

K-K Lug With Only Cold Launch
MODEL: CCO03

FATIGUE SCHEDULE BLOCK INPUT TAEBLE

Four Blocks of VCMAGNET

BLOCK CASE NO. 1

g M: NUMBER : 53

T A: oF :

E T: FATIGUE :

P L CYCLES : (£1) : (t2)
1: 1: 1757.00 36.70 5.60:
2: 1: 2148.00 30.10 6.40:
3: 1: 13668.00 : 25.50: 6.90:
4: 1: 38857.00 : 21.90: 7.30:
5: 1: 110517.00 - 19.50: 7.50:
6: 1: 150546.00 : 17.80: 7.70:
7: 1: 195456.00 16.50: 7.90:
8: 1: 1440631.00 : 15.90: 7.50:

[Ref. Coldclevis_kk.doc,

|IATR3-VCMAGNET)

|DNORBIT2-VCMAGNET)

|[LIFTOFF-ONLY)

Block Case No.

(tl)

1t2)

Environmental Crack Growth Check for Sustained Stresses

|[Kmax less than Keac): NOT SET

NN vy 1

4/17/02

TRUCK3 ~-VCMAGNET )

Page2)
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BLOCK CASE NO. 2

NUMBER
OF

FATIGUE

CYCLES

594.
695448,
30.
17832.

KK-clevis-cold-launch

53

Environmental Crack Growth Check for Sustained Stresses

(Kmax less than Keac):

BLOCK CASE NO. 3

fCo == E B o R ) RIS PR S I

el e el

NUMBER
OF

FATIGUE

CYCLES

60.
179.
117.
414.

2404.
9789.
62675.

00
00
00

NOT SET

S3

(tl)

1t2)

oo o0 0o 02 00 Q0 00 00 o

(tl)

t2)

Environmental Crack Growth Check for Sustained Stresses

(Kmax less than Keac):

BLOCK CASE NO. 4

o e e e % ot an o — e % i Akt tem o } T % Atk

o

10:
11:
12:
13:

0o ~J oy Ul L B

.

e e e = = = = 3 = ey

NUMBER
OF

FATIGUE

CYCLES

12.
46.
78.
165.
493.
2229.
2132.
2920.
22272,
82954.

NOT SET

53

NN NIy Oy JT R

(t1)

1£2)

Environmental Crack Growth Check for Sustained Stresses

[Kmax lesg than Keac):

NOT SET

00 00 0O OO0 0 00 00 00 o

NN omoy U0 s W

4/17/02
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K-K Lug With Only Cold Launch
MODEL: CCO03

FATIGUE SCHEDULE BLOCK STRESS TABLE

s : M: NUMBER H s3 H 5

T : A: OF : :

E T: FATIGUE : lksi) : lksi)

P L CYCLES : 1£l) : (£2) H (tl) [£2)
1: 1: 1757.00 10.63: 1.62: 0.00;: 0.
2: 1: 2148.00 §.72: 1.85: 0.00: 0.
3: 1: 13668.00 : 7.38: 2.00; 0.00: 0.
4: 1: 38857.00 : 6.34: 2.11: 0.00: 0.
5: 1: 110517.00 : 5.65: 2.17: 0.00: 0.
6: 1: 150546.00 5.15: 2.23: 0.00: 0.
7: 1: 195456.00 ; 4.78: 2.29: 0.00: 0.
B: 1: 1440631.00 : 4.60: 2.29: 0.00: 0.

Environmental Crack Growth Check for Sustained Stresses
[Kmax less than Keac): NOT SET

K-K Lug With Only Cold Launch
MODEL: CCO03

FATIGUE SCHEDULE BLOCK STRESS TABLE

5 : M: NUMEBER : s3 : S

T : A:x OF : :

E T: FATIGUE : [ksi) : (ksi)

P L CYCLES H (tl) - (t2) : 1£l) - (£2)
1: 1 17832.00 : 12.48: 1.42: 0.00: 0
2: 1: 594.00 : 12.48: 1.42: 0.00: 0
3: 1: 6595448.00 6.54: 2.08: D.00: 0.
4: 1: 30.00 - 12.48: 1.42: 0.00: ]
5: 1 17832.00 : 12.48: 1.42: 0.00: 0

Environmmental Crack Growth Check for Sustained Stresses
[Kmax less than Keac): NOT SET

K~-K Lug With Only Cold Launch
MODEL: CCO03

FATIGUE SCHEDULE BLOCK STRESS TABLE

§ : M: NUMBER : s3 : s
T Y OF : H
B T: FATIGUE : (ksi) 3 lksi)
P L CYCLES : tl) :  (t2) : (£1) : (t2)
1: 1 34.00 4.08: 2.46 0.00:
2: 1 34.00 4.03: 2.46: 0.00:
3: 1 60.00 3.97: 2.46 0.00:
4: 1 179.00 3.91: 2.46: 0.00:
5: 1 117.00 4.08: 2.46: 0.00:
6: 1 414.00 4.03: 2.46: 0.00:

4/17/02
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7: 1: 2404.00 : 3.97: 2.46: 0.00: 0.00:
8: 1: 9789.00 : 3.91: 2.46: 0.00: 0.00:
9: 1: 62675.00 : 3.88: 2.46: 0.00: 0.00:

Environmental Crack Growth Check for Sustained Stresses
(Kmax less than Keac): NOT SET

K-K Lug With Only Cold Launch
MODEL: CCO03

FATIGUE SCHEDULE BLOCK STRESS TABLE

Four Blocks of VCMAGNET

S : M: NUMBER : s3 : S
T : A QF H :
E T: FATIGUE : (ksi) 2 lksi)
P L CYCLES : (tl) = (t2) : [tl) : t2)
1: 1: 1.00 27.83 1.13: 0.00;: 0.0D
2: 1: 3.00 25.51 1.25: 0.00: 0.00:
3: 1: 5.00 : 23.17: 1.39: 0.00: 0.0D:
4: 1: 12.00 : 20.85: 1.51: 0.00: 0.00:
5: 1: 46.00 : 18.53: 1.62: 0D.00: D.0D:
6: 1: 78.00 : 16.18: 1.74: 0.00: 0.00:
7: 1: 165.00 : 13.87: 1.85: 0.00: 0.00:
8: 1: 493.00 : 11.55: 1.97: 0.00: 0.00:
9: 1: 2229.00 : 9.24: 2.08: 0.00: 0.00:
10; 1: 2132.00 : 6.89: 2.20: 0.00: 0.00:
11: 1: 2920.00 6.20: 2.26: 0.00: 0.00:
12: 1: 22272.00 : 5.73: 2.26: 0.00: D.00:
13: 1: 82954.00 5.27 2.29; 0.00: 0.00:
Environmental Crack Growth Check for Sustained Stresses
|Kmax less than Keac): NOT SET
K-K Lug With Only Cold Launch
MODEL: Cc03
ANALYSIS RESULTS:
Schdl Block Cycles Final Flaw Size K max
Step a c a-tip c-tip
1 1 1953580. 0.10006 0.10000 9.613 7.827
1 2 3907160. 0.10012 0.10000 9.614 7.831
1 3 5860740, 0.1001% 0.10000 5.614 7.834
1 4 78B14320. 0.10025 0.10000 9,615 7.838
1 5 B546056. 0.10329 0.10107 11.373 9.383
1 6 9277792. 0.10644 0.10233 11.472 9.583
1 7 10009528. 0.10%71 0.10378 11.582 9.790
1 8 10741264, 0.11312 0.10542 11.724 10.043
1 9 10816970. 0.11312 0.10542 3.832 3.280
1 10 10882676. 0.11312 0.10542 3.832 3,280
1 11 10968382. 0.11312 0.10542 3.832 3.280
1 12 11044088. 0.11312 0.10542 3.8B32 3.280
1 13 11157398, 0.11323 0.10548 26.118 22.354
1 14 11270708. 0.11334 0.10553 26.128 22.370
1 15 11384018. 0.11345 0.10559 26.137 22.386
1 16 11497328, 0.11357 0.10565 26.147 22.402
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1 17 11610638. 0.11368 0.10571 26.157 22.418
1 18 11723948. 0.11379 0.10577 26.166 22.434
1 19 11837258, 0.,113%0 0.10583 26.176 22.450
1 20 11950568. 0.11402 0.10589 26,185 22.466
1 21 12063B78. 0.11413 0.10595 26,195 22.482
1 22 12177188, 0.11424 0.10601 26.205 22.498
1 23 12290498. 0.11436 0.10607 26.214 22.515
1 24 12403808. 0.11447 0.10613 26.224 22.531

FINAL RESULTS:

Critical Crack Size has NOT been reached.

at Cycle No. 82954.00

of Load Step No. 13 Dezcription: None

of Block No. 24

of Schedule No. 1

Crack Sizes: a = 0.114470 , ¢ = 0.106130 , a/c = 1.0786

Total Cycles = 12403808.
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File Name
Warmclevis _kk
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Tast

SCD0678

3 /" 7/0'3- Machanical Systems Analysis Despartmant.
Title AMS-D2 Magnet Strap Clevis (Warm)
Section K-K
Material: AISI 316/316L (75F)

NASA/FLAGRO Crack case type:

Section Properties:

Design Clevis Thickness

Plate thickness

Plate width
Hole diameter

Crack Properties:

Loads:

Strap load (cryo)
Load per side on clevis

CCo3

T=0.2677 in. (Ref. SCD0678, Sec. K-K)
t=0.1339 in. (average thickness at
Sec. K-K)
w=1.2992 in.
D =0.5512 in.

a=0.1145in. (Ref. KK-clevis-cold-launch, P6)
¢=0.1061 in.
a/c=1.0786

f = 5894 1bf (Ref. John Ross Fax 1140, dated 2/5/02)
Paxial = 5894/2 = 2947 Ibf




Prepared By|Name/Date
Saike Wang LOCKHEED MARTIN ﬁ

Page/Section |File Name

No. 2 Warmclavis_kk

4/17/02
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4/[7 /D T Machanical Systemg Analysig Department.
Title AMS-02 Magnet Strap Clevis |Warm)
Section K-K

Tensile Stress S3 = Paxial/D*T

S3 =2947/0.5512*0.2677=19.972 ksi

This clevis is part of the Strap at Section K-K. (Ref. Drawing SCD0678, issue 07, Section
K-K)

This clevis is at room temperature (75F) for the Landing condition. The NASGRO
analysis uses the landing case spectrum at room temperature. The material data used is
from code AISI 316/316L of the NASGRO library, except that the UTS and YS are
changed as per the material property for the 316L S.S. as per OIE205 Rev.D, Page 25.

The landing spectrum is run for 3 missions with a scatter factor of 4. The final crack size
from the cold launch condition a= 0.1145 in, ¢=0.1061 in, and a/c = 1.0786 are used as
the initial crack sizes for this model.
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FATIGUE CRACK GROWTH ANALYSIS

DATE: 04/17/02 TIME: 13:16:58
|lcomputed:; NASGRO Version 3.0.4, Jan 2000.)
U.5. customary units [inches, ksi, ksi sgrtlin)]

PROBLEM TITLE

K-K Lug With Warm Landing for AMS-02 Magmet Strap
|[Ref. Drawing SCDD678, issue 07, Section K-K)

Crack Growth Model: Non Interaction
Egquation/Table : NASGRO Equation

GEOMETRY

MODEL: CCO03-Corner crack from hole in lug (2D).

Plate Thickness, t = 0.1339
Plate Width, W = 1.2992
Hole Diameter, D = 0.5512

FLAW SIZE: (User specified)

a linit.) = 0.1145 [Raf. The final crack sizes from
[ (init.) = 0.1061 KK-clevis~cold-launch, Page §5)
a/c [init.) = 1.0786

MATERIAL

MATL 1: Edited file data ~2211
~2221

Material Header Info.:

Material 1 Data ID: F3KAl3AB1
Alloy Description : AISI 316/316L ~261
1
Alloy Cond/HT : Ann sht & plt
~2621
Product Form : ~2631

Environment : ~2641

Specimen Type

Specimen Orientation

Specimen Thickness

Specimen Width

Specimen Test Frequency

Data Reference

Material Properties:

:Matl: UTS : Y¥Y$S : Kle : Klc : Ak : Bk : Thk : Kc¢ : Keac
NO.: . . » - - - -

Matl:-——------—--—-—- Crack Growth Egn Constants ----------—--——————- :
No.: c : n : p: g : DKo : Cth+ :Cth- : Rcl:Alpha:Smax/:
- - - . . . . . ISIGO
1 :0.220D-09:3,200:0,25:0.25: 3.50: 1.50: 0.10:0.70: 2.50: 0.30;:
(Ref. OIE2D5 Rev.D, Page 25 for UTS and YS of 316L, 250mm thick)
K-K Lug With Warm Landing
MODEL: CC03
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FATIGUE SCHEDULE BLOCK INPUT TABLE
One Block of Warm Landing
[Note: Stress = Input Value * Scale Factor)

Stress Scaling Factors for Block Case: 1 [Name Block: LAND_ONLY)

Scale Factor for Stress S3: 0.19572 [Ref. Warmclaevis-kk.doc, Page 2)
Schedule info. was input manually
Total No. of Blocks in Schedule = 12

Block Number and Case Correspondences
Block Number Block Case No.
From - To

1 - 12 1

Stresses: Tension, bending or pin

K-K Lug With Warm Landing
MODEL: CCO03

FATIGUE SCHEDULE BLOCK INPUT TABLE

One Block of Warm Landing

SINGLE DISTINCT BLOCK

S : M: NUMBER : 53 : 5
T : A: OF : T
E T: FATIGUE : :
= L CYCLES : tl) : (t2) : tl) :  (t2)
1: 1 1.00 100.00 3.70 100.00 3.70:
2: 1 1.00 91.30 4.20 91.30 4.20:
3: 1 3.00 82.60 4.70 82.60 4.70:
4: 1 3.00 74.00 5.20 74.00 5.20:
5: 1 3.00 65.30 5.70 £§5.30 5.70:
6: 1 3.00 56.60 6.10 56.60 6.10:
7: 1 13.00 47.90 6.60 47 .90 6.60:
8: 1 148.00 : 39.20 7.10 359.20 7.10:
9: 1 891.00 : 30.60 7.60 30.60 7.60:
10: 1 1273.00 21.90 B.10 21.90 B8.10:
11: 1 2099.00 19.30 8.20 19.30 B.20:
12: 1 6581.00 17.50 8.30 17.50 8.30:
13: 1 8701.00 : 15.80 B.40 15.80 §.40:

Environmental Crack Growth Check for Sustained Stresses
[Kmax less than Keac): NOT SET

K-K Lug With wWarm Landing

MODEL: CCO03
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FATIGUE SCHEDULE BLOCK STRESS TABLE

s : M: NUMBER : 83 : S
T : A: oF : :
E T: FATIGUE : (ksi) : (ksi)
P L CYCLES : (tl) - (t2) : |tl) : 1t2)
1: 1: 1.00 19.97 0.74: 0.00: 0.00:
2: 1: 1.00 18.23 0.84: 0.00: D.00:
3: 1: 3.00 156.50 D.94: 0.00: 0.00:
4: 1: 3.00 14.78 1.04: 0.00: 0.00:
5: 1: 3.00 13.04 1.14: 0.00: 0.00:
6: 1: 3.00 : 11.30: 1.22: 0D.00: 0.00:
7: 1: 13.00 9.57: 1.32: 0.00: D.00:
8: 1: 148.00 : 7.83: 1.42: 0.00: 0.00:
9: 1: B91.00 : 6.11: 1.52: 0.00: 0.00:
10: 1: 1273.00 : 4.37; 1.62: 0.00: 0.00:
11: 1: 2099.00 3.85: 1.64:; 0.00: 0.00:
12: 1: 6581.00 3.50: 1.66: 0.00: 0.0D:
13: 1: B701.00 3.16: 1.68: 0.00: 0.0D:
Environmental Crack Growth Check for Sustained Stresses
[Kmax less than Keac): NOT SET
K-K Lug With Warm Landing
MODEL: CCO03
ANALYSIS RESULTS:
Schdl Block Cycles Final Flaw Size K max
Step a c a-tip c-tip
1 1 19720. 0.11452 0.10616 18.830 16.185
1 2 39440, 0.11453 0.10617 18.831 16.186
1 3 59160. 0.11455 0.10618 18.832 16.188
1 4 78880. 0.11456 0.10619 18,833 16.189
1 5 98600. 0.11458 0.10620 18.B834 16,191
1 [ 118320. 0.11459 0.10621 18.835 16.192
1 7 138040. 0.11461 0.10622 18.836 16.194
1 8 157760, 0.11462 0.10623 18.837 16.195
1 9 177480. 0.11464 0.10623 18.838 16.137
1 10 197200. 0.11465 0.10624 18.839 16.199
1 11 216920, 0.11467 0.10625 18.840  16.200
1 12 236640. 0.11468 0.10626 18.841 16.202
FINAL RESULTS:
Critical Crack 8Size has NOT been reached.
at Cycle No. 8701.00
of Load Step No. 13 Description: None
of Block No. 12
of Schedule No. 1
Crack Sizegs: a = 0.114682 , ¢ = 0.106260 , a/c = 1.0793

Total Cycles = 236640.00
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Material: AISI 316/316L (-452F)

NASA/FLAGRO Crack case type:

Section Properties:
Design Clevis Thickness
Plate thickness

Plate width
Hole diameter

Crack Properties:
Loads:

Strap load (cryo)
Load per side on clevis

CC03

T=0.3622 in. (Ref. SCD0678, Sec. L-L)
t=0.1811 in.(average thickness at

Sec. L-L)
w = 1.4960 in.
D =0.7087 in.
a=0.0501n.
¢ =0.050in.

f=22099 1bf (ref. Model 6-01, loads)
Paxial =22099/2 = 11049 1bf
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Title AMS-02 Magnet Strap Clevis |Cryo)
Section L-L

Tensile Stress S3 = Paxial/D*T

S3 =11049/0.7087*0.3622 = 43.047 ksi

This clevis is part of the Strap at Section L-L. (Ref. Drawing SCD0678, issue 07, Section
L-L)

This clevis is at cryogenic temperature (-452F) for Truck transportation, Air
transportation, On-Orbit, and Launch/Landing conditions. The NASGRO analysis uses
truck air, On-orbit and Launch/Landing case spectrums at cryo temperature. The material
data used is from code AISI 316/316L of the NASGRO library, except that the UTS and
YS are changed as per the material property for the 316L S.S. as per OIE205 Rev.D, Page
25.

The truck, air and on orbit spectrums are run for 1 mission with a scatter factor of 4 and
the Launch/Landing spectrum is run for 3 missions with a scatter factor of 4. Dye
penetrant inspection is used to inspect the clevis at Section L-L, and a special dye
penetrant crack sizes a= 0.050 in and ¢ = 0.050 in are used
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FATIGUE CRACK GROWTH ANALYSIS

DATE: 03/21/02 TIME: 09:42:08
[computed: NASGRO Version 3.0.4, Jan 2000.)
U.S. customary units [inches, ksi, ksi sqgrt(in)]

PROBLEM TITLE

L-L Lug With Cold Launch and Landing for AMS-02 Magmet Straps
|Ref. Dry. SCD0678, issue 07, sect L-L)

Crack Growth Model: Non Interaction
Eguation/Table : NASGRO Equation

GEOMETRY

MODEL: CC03-Corner crack from hole in lug (2D).

Plate Thickness, t = 0.1810
Plate Width, W = 1.4960
Hole Diameter, D = 0.7087

FLAW SIZE: (User specified)

a (init.) = 0.5000E-D01 |special dye penetrant inspection)
c (init.) = 0.5000E~01
a/c (init.) = 1.000
MATERIAL
MATI, 1: Edited file data -2211
~2221

Material Header Info.:

Material 1 Data ID: F3KAl3LAZ

Alloy Description : AISI 316/316L ~2611

Alloy Cond/HT : Ann sht & plt ; -452F LHe
~-2621

Product Form : ~2631

Environment : ~2641

Specimen Type

Specimen Orientation
Specimen Thickness
Specimen wWidth

Specimen Test Freguency
Data Reference

Material Properties:
:Matl: UTS : YS : Kle : Klc : Ak : Bk : Thk : K¢ : Keac

No.:

Matl:-—--w-==-m-———— Crack Growth Egn Constants —-—--—---=w==-==--m-o——:
No.: C :n : p: o : DKo : Cth+ :Cth- : Rcl:Alpha:Smax/:
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1 :0.220D-09:3.200:0.25:0.25: 8.00:

4/22/02

:S8IGo

1.50: 0.10:0.70: 2.50: 0.30:

| Ref. OIE205, Rev D, page 25 for UTS and YS for 316L stainless steal)

L-L Lug With Cold Launch and Landing
MODEL: CCO03

FATIGUE SCHEDULE BLOCK INPUT TABLE

four Blocks of VCMAGNET

[Note: Stress = Input Value * Scale Factor]

page 2)

Stress Scaling Factors for Block Case: 1 |TRUCK3 ~-VCMAGNET)
Scale Factor for Stress S3: 0.43047 (Ref. Cryoclevig_ LL.doc,
Stress Scaling Factors for Block Case: 2 (AIR3-VCMAGNET)
Scale Factor for Stress 53: 0.43047
Stress Scaling Factors for Block Case: 3 [ONORBITZ2-VCMAGNET)
Scale Factor for Stress S53: 0.43047
Stress Scaling Factors for Block Case: 4 |GSFC~-VCMAGNET)
Scale Factor for Stress S3: 0.43047
Schedule info. was input manually
Total No. of Blocks in Schedule =
Block Number and Case Correspondences
Block Number Block Case No.
From - To
1 - 4 1
5 - 8 2
9 - 12 3
13 - 24 4
Stresses: Tension, bending or pin
1L-L Lug With Cold Launch and Landing
MODEL: CCO03
FATIGUE SCHEDULE BLOCK INPUT TABLE
four Blocks of VCMAGNET
BLOCK CASE NO. 1
5 : M: NUMBER : S3 ]
T : A: OF :
B T: FATIGUE :
P L CYCLES : tl) :  1t2) (£1) (t2)
1: 1: 1757.00 36.70 .60: 36.70 5.60:
2: 1: 2148.00 30.10 40: 30.10: 6.40:
3: 1: 13668.00 25.50 .90: 25.50 6.90
4: 1: 38857.00 21.90 .30: 21.90 7.30
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5: 1 110517.00 13.50: 7.50: 19.50: 7
6: 1 150546.00 17.80: 7.70: 17.80: 7
7: 1: 195456.00 16.50: 7.90; 16.50: 7
8: 1 1440631.00 15.90: 7.90: 15.90: 7
Environmental Crack Growth Check for Sustained Stresses
|[Kmax less than Keac): NOT SET
BLOCK CASE NO. 2
S : M: NUMBER . 53 : S
T : A: oF :
E : T: FATIGUE
P : L: CYCLES tl) t2) (1) (t2)
1: 1: 17832.00 43.10: 4.90 43.10 4.
2: 1: 594 .00 : 43.10: 4.90 43.10 4.
3: 1: 695448.00 : 22.60: 7.20 22.60: 7.
4: 1: 30.00 : 43.10: 4,90 43 .10 4,
5: 1: 17832.00 43.10: 4.90 43.10 4,
Environmental Crack Growth Check for Sustained Stresses
(Kmax less than Keac): NOT SET
BLOCK CASE NO. 3
s : M: NUMBER H 53 : s
T 1 Ax OF : :
E : T: FATIGUE
P : L CYCLES (tl) 1t2) (tl) (t2)
1: 1: 34.00 14.10 8.50 14.10: ]
2: 1: 34.00 13.90 8.50 13.90: 8
3: 1: 60.00 13.70 8.50 13.70 8
4: 1: 175.00 13.50 8.50 13.50 B
5: 1: 117.00 14.10 8.50 14.10 B
6: 1: 414.00 13.90 B.50 13.90 ]
7: 1: 2404.00 13.70 B.50 13.70 8
B: 1: 9789.00 13.50 B.50 13.50 9
9: 1: 652675.00 13.40 8.50 13.40 8
Environmental Crack Growth Check for Sustained Stresses
(Kmax less than Keac): NOT SET
BLOCK CASE NO. 4
S : M: NUMBER : 53 : S
T : A: OF H
E : T: FATIGUE
P : L: CYCLES (tl) t2) 1tl) (t2)
1: 1: 2.00 96.10 3.90 96.10 3
2: 1: 4.00 88.10 4.30 88.10 4
3: 1: 8.00 80.00 4.80 80.00 4
4: 1: 15.00 72.00 5.20 72.00 5
5: 1: 49.00 64.00 5.60 64.00 5
6: 1: g1.00 55.90 .00 55.90 6
7: 1: 178.00 47.90 £.40 47.90 6
8: 1: 641.00 - 39.90 6.80 39.90 6
9: 1: 3120.00 31.90 7.20 31.90 7

LL-clevis-all-cold

.5D:
L70:
.90
.90

4/22/02
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10: 1: 3405.00 : 23.80:
11: 1: 5015.00 : 21.40:
12: 1: 28853.00 - 19.80:
13: 1: 91655.00 = 18.20:

7.60:
7.80:
7.80:
7.590:

Environmental Crack Growth Check for Sustained Stresses

(Kmax less than Keac): NOT SET

L-L Lug With Cold Launch and Landing
MODEL: CCO03

FATIGUE SCHEDULE BLOCK STRESS TABLE

5 : M: NUMEBER H 83
T : A: OF :
E Y FATIGUE H (ksi)
P L CYCLES : lel) (t2)
1: 1: 1757.00 15.80
2: 1: 2148.00 12.96
3: 1: 13668.00 : 10.98:
4: 1: 38857.00 : 9.43:
5: 1: 110517.00 : 8.39:
b: 1: 150546.00 : 7.66;
7: 1: 195456.00 : 7.10:
g: 1: 1440631.00 : 6.84:

Environmental Crack Growth Check for Sustained

|[Kmax less than Keac): NOT SET

L-L Lug With Cold Launch and Landing
MODEL: CCO03

FATIGUE SCHEDULE BLOCK STRESS TABLE

S : M: NUMBER H 83
T : A: OF :
E T: FATIGUE : ([kei)
P L CYCLES : (tl) [t2)
l: 1 17832.00 : 18.55:
2: 1: 594.00 : 18.55:
3: 1: 695448.00 : 9.73:
4; 1: 30.00 : 18.55:
5: 1 17832.00 : 18.55:

WL L WL BB RO
=
'S

23.80: 7
21.40: 7
19.80: 7
18.20: 7
S
[ksi)
£1) :  (t2)
0.00: 0
0.00: ]
0.00: 0
0.00: 0
0.00: 0
0.00: 0
0.00: 0
0.00: 0
Stresses
S
lksi)
£l) :  [t2)
0.00: 0
0.00: 0
0.00: 0
0.00: 0
0.00: 0

Environmental Crack Growth Check for Sustained Stresses

|[Kmax lesg than Keac): NOT SET

L-L Lug With Cold Launch and Landing
MODEL: CCO03

FATIGUE SCHEDULE BLOCK STRESS TABLE

four Blocks of VCMAGNET

S : M: NUMBER : 53
T : A QF :
E : T FATIGUE : lksi)

(ksi)

.60:
.80:
.BD:
.90

4/22/02
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P : L: CYCLES : (tl) (£2) : ltl) : (t2)
1: 1 34.00 6.07: 3.66: 0.00: 0.00:
2: 1 34.00 5.98: 3.66: 0.00: 0.00;:
3: 1 60,00 5.90: 3.66; D.00: 0.00:
4: 1: 179.00 5.81: 3.66: 0.00: 0.00:
5: 1: 117.00 6.07: 3.66: 0D.00: 0.00:
6: 1: 414.00 5.98;: 3.66: 0.00: 0.00:
7: 1 2404.00 5.90: 3.66: 0.00: 0.00:
B: 1 9789.00 5.81: 3.66: 0.00: 0.00:
9: 1 62675.00 5.77: 3.66: 0.00: 0.00
Environmental Crack Growth Check for Sustained Stresses
|(Kmax less than Keac): NOT SET
L-L Lug With Cold Launch and Landing
MODEL: CCO03
FATIGUE SCHEDULE BLOCK STRESS TABLE
four Blocks of VCMAGNET
S : M: NUMBER : 53 : S
T : A OF : :
B T: FATIGUE : |ksi) : lksi)
P L CYCLES : (£l) : (£2) : tl) £2)
1: 1: 2.00 41.37 1.68: 0.00: 0.00:
2: 1: 4.00 37.92 1.85: 0.00: 0.00:
3: 1: 8.00 : 34.44: 2.07: 0.00: 0.00:
4: 1: 15.00 : 30.99: 2.24: 0.00: 0.00:
5: 1: 49.00 : 27.55; 2.41: 0.00: 0.00
6: 1: B1.00 - 24.06: 2.58: 0.00: 0.00
7; 1: 178.00 : 20.62: 2.76: 0.00 0.00:
a: 1: 641.00 : 17.18: 2.93: 0.00: 0.00:
9: 1: 31120.00 : 13.73: 3.10: 0.00: 0.00:
10: 1: 3405.00 - 10.25: 3.27: 0.00; 0.00:
11: 1: 5019.00 = 9.21: 3.36: 0.00: 0.00:
12: 1: 28853.00 : 8.52: 3.36: 0.00: D.00:
13: 1: 91655.00 : 7.83: 3.40: 0.00: 0D.00
Environmental Crack Growth Check for Sustained Stresses
(Kmax less than Keac): NOT SET
L-L Lug With Cold Launch and Landing
MODEL: CCO03
ANALYSIS RESULTS:
Schdl Block Cycles Final Flaw Size K max
Step i c a-tip c-tip
1 1 1953580. 0.05019 0.05007 11.310 9.747
1 2 3907160. 0.05038 0.05014 11.321 9.767
1 3 5860740. 0.05057 0.05021 11.331 9.786
1 4 7414320. 0.05076 0.05028 11.342 9.805
1 5 8546056. 0.05690 0.05391 13.842 12.145
1 6 9277792. 0.06400 0.05838 14,433 12.798
1 7 10009528, 0.07236 0.06385 15.147 13.536
1 8 10741264, 0.0B8235 0.07059 15.951 14.331
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1 9 10816970, 0.08235 0.07059 5.223
1 10 10892676. 0.08235 0.07059 5.223
1 11 10968382. 0.08235 0.07059 5.223
1 12 11044088, 0.08235 0.07059 5.223
1 13 11177118. 0.08302 0.07103 35.601
1 14 11310148. 0.08369 0.07148 35.721
1 15 11443178, 0.08438 0.07194 35.842
1 16 11576208. 0.08507 0.07240 35.965
1 17 11709238, 0.08577 0.07287 36.0889
1 18 11842268. 0.08648 0.07335 36.215
1 19 11975298. 0.08719 0.07384 36.343
1 20 12108328, 0.0B792 0.07433 36.472
1 21 12241358. 0.08866 0.07483 36.603
1 22 12374388. 0.08940 0.07534 36.735
1 23 12507418, 0.09%016 0.07585 36.870
1 24 12640448. 0.09093 0.07838 37.006

FINAL RESULTS:

Critical Crack Size has NOT been reached.

at Cycle No. 91655.00

of Load Step No. 13 Description: None

of Block No. 24

of Schedule No. 1

Crack Sizes:; a = 0.909273E-01 , ¢ = 0.76377BE-01 , a/c =

Total Cycles = 12640448.

Execution time (hh:mm:ss): 00:00:00.0
Note: this is elapsed wall-clock time, not CPU time!
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Material: AISI 316/316L (-452F)

NASA/FLAGRDO Crack case type:

Section Properties:
Design Clevis Thickness
Plate thickness

Plate width

Hole diameter

Crack Properties:

Loads:
Strap

load (cryo)

Load per side on clevis

CCo3

T=0.3622 in. (Ref. SCD0678, Sec. L-L)
t=0.1811 in.(average thickness at

Sec. L-L)
w = 1.4960 in.
D =0.7087 in.
a=0.050 in.
¢ = 0.050 in.

f=22099 Ibf (ref. Model 6-01, loads)
Paxial = 22099/2 = 11049 Ibf
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4/;;_ ) o Machanical Systems Analysis Department.
Title AMS-02 Magnet Strap Clevis (Cryo)
Section L-L
Tensile Stress S3 = Paxial/D*T

S3 =11045/0.7087*0.3622 = 43.047 ksi

This clevis is part of the Strap at Section L-L. (Ref. Drawing SCD0678, issue 07, Section
L-L)

This clevis is at cryogenic temperature (-452F) for Truck transportation, Air
transportation, On-Orbit, and Launch conditions. The NASGRO analysis uses truck air,
On-orbit and Launch case spectrums at cryo temperature. The material data used is from
code AIST 316/316L of the NASGRO library, except that the UTS and YS are changed as
per the material property for the 316L S.S. as per OIE205 Rev.D, Page 25.

The truck, air and on orbit spectrums are run for 1 mission with a scatter factor of 4 and
the Launch/Landing spectrum is run for 3 missions with a scatter factor of 4. Dye
penetrant inspection is used to inspect the clevis at Section L-L, and a special dye
penetrant crack sizes a= 0.050 in and ¢ = 0.050 in are used
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FATIGUE CRACK GROWTH ANALYSIS

DATE: 03/21/02 TIME: 10:13:07
(computed: NASGRO Version 3.0.4, Jan 2000.)
U.S. customary units [inches, ksi, ksi sgrt(in)]

PROBLEM TITLE

L-L lLug With Only Cold Launch for AMS-02 Magnet straps
(Ref. Drg. SCD0678, issuse 07, sect L-L)

Crack Growth Model: Non Interaction
Egquation/Table : NASGRO Eguation

GEOMETRY

MODEL: CCO03-Corner crack from hole in lug (2D).

Plate Thickness, t = 0.1810
Plate Width, W = 1.4960
Hole Diameter, D = 0.7087

FLAW SIZE: (User specified)

a (init.) = 0.5000E-01 |Special dye penetrant inspection)
o4 (init.) = 0.5000E-01
a/c (init.) = 1.000
MATERIAL
MATL 1: Edited file data ~2211
~2221

Material Header Info.:

Material 1 Data ID: F3KA13LAZ

Alloy Description : AISI 316/315L ~261
1
Alloy Cond/HT : Ann sht & plt ; -452F LHe
~2621
Product Form : ~2631
Environment : ~2641

Specimen Type

Specimen Orientation
Specimen Thickness
Specimen Width

Specimen Test Freguency
Data Reference

Material Properties:

:Matl: UTS : ¥YS : Kle : Kle : Ak : Bk : Thk : Kec : Keac
NO.: - . - . - - . -



Saike wang LL-clevis-cold-launch 4/22/02

iMatl:——————~==—=—=m—r Crack Growth Egn Constants ---------—-——-=—-——— :
No.: C :n : p: g : DKo : Cth+ :Cth- : Rcl:Alpha:Smax/:
: : : : : : : :81Go

1 :0.220D-09:3.200:0.25:0.25: B8.00: 1.50: 0.10:0.70: 2.50: 0.30:
| Ref. DIE205, Rev D, page 25 for UTS and ¥S for 316L stainless steel)

L-L Lug With Only Cold Launch
MODEL: CCO03

FATIGUE SCHEDULE BLOCK INPUT TABLE

Four Blocks of VCMAGNET

[Note: Stress = Input Value * Scale Factor]

Stress Scaling Facteors for Block Case: 1 [TRUCK3 -VCMAGNET )
Scale Factor for Stress S53: 0.43047 (Ref. Coldclevis LL,page 2)
Stresgs Scaling Factors for Block Case: 2 (AIR3~VCMAGNET)

Scale Factor for Stress S3: 0.43047

Stress Scaling Factors for Block Case: 3 (ONORBIT2-VCMAGNET)
Scale Factor for Stress 53: 0.43047

Stress Scaling Factors for Block Case: 4 |LIFTOFF-0ONLY)

Scale Factor for Stress S3: 0.43047

Schedule info. was input manually
Total No. of Blocks in Schedule = 24

Block Number and Case Correspondences

Block Number Block Case No.
From - To

1 - 4 1

5 - 8 2

9 - 12 3

13 - 24 4

Stresses: Tension, bending or pin

L-L Lug With Only Cold Launch
MODEL: CCO03

FATIGUE SCHEDULE BLOCK INPUT TABLE
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Four Blocks of VCMAGNET

BLOCK CASE NO. 1

S : M: NUMBER : 53 : S
T : A: OF : :
E T: FATIGUE : H
P L CYCLES : (1) : 1£2) : (tl) = (t2)
1: 1: 1757.00 36.70 5.60 36.70 5.60:
2: 1: 2148.00 30.10 6.40 30.10 6.40:
3: 1: 13668.00 : 25.50: 65.90 25.50 6.90:
4: 1: 38857.00 : 21.90: 7.30 21.50 7.30:
5: 1: 110517.00 - 19.50: 7.50 19.50 7.50:
6: 1: 150546.00 : 17.80: 7.70 17.80 7.70:
7: 1: 195456.00 : 16.50: 7.90 16.50 7.90:
8: 1: 1440631.00 : 15.90: 7.90 15.90 7.90:
Environmental Crack Growth Check for Sustained Stresses
(Kmax less than Keac): NOT SET
BRLOCK CASE NO. 2
S : M: NUMBER : 53 : S
T = A: oF : :
E : T: FATIGUE : H
P L CYCLES : le1l) = £2) : 1) = (t2)
1: 1 17832.00 43.10 4.90 43.10 4.90:
2: 1: 594.00 : 43.10: 4,390 43.10: 4.90;:
3: 1: 695448.00 : 22.,60: 7.20: 22.60: 7.20:
4: 1 30.00 : 43.10: 4.90 43.10: 4.50
5: 1 17832.00 : 43.10: 4.90 43,10 4.90
Environmental Crack Growth Check for Sustained Stresses
|[Kmax less than Keac): NOT SET
BLOCK CASE NO. 3
S : M: NUMBER : 53 : S
T : A OF : :
B T: FATIGUE : H
P L CYCLES : (1) :  (t2) : (tl) :  (t2)
1: 1: 34.00 14.10 8.50 14.10: 8.50
2: 1: 34.00 : 13.90: B.50 13.90 8.50
3: 1: 60.00 : 13.70: 8.50 13.70 B8.50
4: 1. 179.00 : 13.50: 8.50 13.50 8.50
5: 1: 117.00 : 14.10: B.50 14.10: 8.50
6: 1: 414.00 : 13.90: 8.50 13.90: 8.50
7 1: 2404.00 : 13.70: 8.50D 13.70: 8.50
8: 1: 9789.00 13.50: 8.50 13.50: 8.50:
9: 1: 62675.00 13.40: .50 13.40 8.50:

Environmental Crack Growth Check for Sustained Stresses
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(Kmax less than Keac): NOT SET

BLOCK CASE NO. 4

S : M: NUMBER : S3 H S
T : A OF :
E : T: FATIGUE : :
P L CYCLES : (t1) - [£2) : [t1) : [t2)
1: 1: 1.00 96.10 3.90 96.10 3.80
2: 1: 3.00 88.10 4.30 88.10 4.30
3: 1: 5.00 : 80.00 4.80 80.00 4.80:
4: 1: 12.00 : 72.00: 5.20 72.00 5.20
5: 1: 46.00 : 64.00: 5.60 64.00 5.60
6: 1: 78.00 : 55.90: 6.00 55.90 6.00:
7: 1: 165.00 : 47.90: 6.40 47.80 6.40
8: 1: 493.00 39.90: 65.80 39.80 65.80
9: 1: 2229.00 31.90: 7.20 31.90 7.20
10: 1: 2132.00 : 23.80: 7.60 23.80 7.60
11: 1: 2920.00 : 21.40: 7.80 21.40 7.80:
12: 1: 22272.00 : 19.80: 7.80 19.80 7.80
13: 1: 82954.00 18.20: 7.50 18.20 7.90
Environmental Crack Growth Check for Sustained Stresses
(Kmax less than Keac): NOT SET
L-L Lug With Only Cold Launch
MODEL: CCO03
FATIGUE SCHEDULE BLOCK STRESS TABLE
Four Blocks of VCMAGNET
S M NUMBER : 53 : s
T : A: OF H :
E : T: TFATIGUE : (ksi) : (ksi)
P L CYCLES : (tl) : 1£2) : (t1) 1£2)
1: 1: 1757.00 15.80 2.41: 0.00: 0.00:
2: 1: 2148.00 12.96 2.76: 0D.00: 0.00:
3: 1: 13668.00 10.98 2.97: 0.00: 0.00:
4: 1: 38857.00 9.43 3.14: 0.00: 0D.00:
5: 1: 110517.00 8.39: 3.23: 0.00: 0.00:
6: 1: 150546.00 7.66: 3.31: 0.00: 0.0D0:
7: 1: 195456.00 7.10: 3.40: 0.00: 0.00:
8: 1: 1440631.00 6.84: 3.40 0D.00: 0.00:

Environmental Crack Growth Check for Sustained Stresses
[Kmax less than Keac): NOT SET

L-L Lug With Only Cold Launch
MODEL: CCOD3

FATIGUE SCHEDULE BLOCK STRESS TABLE

Four Blocks of VCMAGNET



Saike wang LL-clevis-cold-launch 4/22/02

S : M: NUMBER : 53 H S
T : A OF :
E ;o T FATIGUE : lksi) : lksi)
P L CYCLES : (tl) = (£2) : (t1) [t2)
1: 1 17832.00 : 18.55: 2.11: D.00: D.00
2: 1: 594.00 18.55: 2.11: D.00D: 0.0D:
3: 1: 695448.00 : 9.73: 3.10: 0.00: 0.00:
4: 1: 30.00 : 18.55: 2.11: 0.00: 0.00
5: 1 17832.00 : 18.55: 2.11: 0.00: 0.00
Environmental Crack Growth Check for Sustained Stresses
(Kmax less than Keac): NOT SET
L-1L Lug With Only Cold Launch
MODEL: CCO03
FATIGUE SCHEDULE BLOCK STRESS TABLE
Four Blocks of VCMAGNET
5 : M: NUMBER : S3 : 5
T : A OF : :
E T: FATIGUE : lksi) : lksi)
P L CYCLES : (tl) : (t2) : (1) (£2)
1: 1 34.00 6.07: 3.66: 0.00: 0.00:
2: 1 34.00 5.98: 3.66: 0.00: 0.00:
3: 1 60.00 5.90: 3.66: 0.00: 0.00:
4: 1 179.00 5.81: 3.66: 0.00: 0.00:
5: 1 117.00 6.07: 3.66: 0.00: D.00:
6: 1 414.00 5.98: 3.66: D.0D: 0.00:
7: 1 2404.00 5.90: 3.66: 0.00: 0.00:
8: 1 9789.00 5.81: 3.66: 0.00: 0.00:
9: 1 62675.00 5.77: 3.66: 0.00: 0.00:
Environmental Crack Growth Check for Sustained Stresses
|[Kmax less than Keac): NOT SET
L-L Lug With Only Cold Launch
MODEL: CCO03
FATIGUE SCHEDULE BLOCK STRESS TABLE
Four Blocks of VCMAGNET
S : M: NUMBER : 53 H S
T = A: OF : :
E T FATIGUE : lksi) : (ksi)
P L CYCLES : (t1) - |1t2) : (t1l) = 1t£2)
1: 1 1.00 41.37 1.68: 0.00: 0.00:
2: 1 3.00 37.92 1.85: 0.00: 0.00:
3: 1 5.00 34 .44 2.07: 0.00: 0.00:
4: 1 12.00 30.99 2.24: 0.00: D.00:
5: 1 46.00 27.55 2.41: 0.00: 0.00:
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6: 1: 78.00 - 24.06: 2.58: 0.00: 0.00:
7: 1: 165.00 20.62: 2.76: 0.00: 0.00:
8: 1: 493 .00 : 17.18: 2.93: 0.00: 0.00:
9: 1: 2229.00 : 13.73: 3.10: 0.00: 0.00:
10: 1: 2132.00 = 10.25: 3.27: 0.00: 0.00:
11: 1: 2920.00 : 9.21: 3.36: 0.00: 0.00:
12: 1: 22272.00 : 8.52: 3.36: 0.00: 0.00:
13: 1: 82954.00 : 7.83: 3.40: 0.00: 0.00:
Environmental Crack Growth Check for Sustained Stresses
(Kmax less than Keac): NOT SET
L-L Lug With Only Cold Launch
MODEL: CC03
ANALYSIS RESULTS:
Schdl Block Cycles Final Flaw Size K max
Step a ¢ a-tip c-tip
1 1 1953580. 0.05019 0.05007 11.310 9.747
1 2 3907160. 0.05038 0.05014 11.321 9.767
1 3 5860740. 0.05057 ©0.05021 11.331 9.786
1 4 7814320, 0.05076 0.05028 11.342 9.805
1 5 8546056. 0.05690 0.05391 13.842 12.145
1 <] 9277792 0.06400 0.05838 14.433 12.798
1 7 10009528. 0.07236 0.063B5 15.147 13.536
1 8 10741264, 0.08235 0.07059 15.951 14.331
1 9 10816970. 0.08235 0.07059 5.223 4.693
1 10 10892676, 0.08235 0.07059 5.223 4,693
1 11 10968382, 0.08235 0.07059 5.223 4.693
1 12 11044088. 0.08235 0.070589 5.223 4,693
1 13 11157358. 0.08288 0.07054 35.599 31.986
1 14 11270708, 0.08341 0.07130 35.693 32.080
1 15 11384018. 0.08395 0.071686 35.789 32.175
1 16 11497328. 0.08449 0.07202 35.886 32.271
1 17 11610638. 0.08504 0.07239 35.984 32.368
1 18 11723948. 0.08559 0.07278% 36.082 32.466
1 19 11837258. 0D.08615 0.07314 36.182 32.564
1 20 11950568. 0.08671 0.07352 36.283 32.664
1 21 12063878. 0.08728 0.07351 36.384 32.764
1 22 12177188. 0.08786 0.07430 36.487 32.865
1 23 12290498, D.08844 0.07469° 36.591 32.967
1 24 12403808, 0.08902 0.07508 36.696 33.070
FINAL RESULTS:
Critical Crack Size has NOT been reached.
at Cycle No. B2854 .00
of Load Step No. 13 Description: None
of Block No. 24
of Schedule No. 1
Crack Sizes: a = 0.890243E-01 , ¢ = 0.,750931E-01 , a/c = 1.1855
Total Cycles = 12403808.
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Title AMS-02 Magnet Strap Clevis (Warm)
Section L-L ‘
Material: AISI 316/316L (75F)
NASA/FLAGRO Crack case type: CC03
Section Properties:
Design Clevis Thickness T=0.3622 in. (Ref. SCD0678, Sec. L-L)
Plate thickness t=0.1810in. (average thickness at
Sec. L-L)

Plate width w = 1.4960 in.
Hole diameter D =0.7087 in.
Crack Propertics: a=0.08902 in. (Ref. LL-clevis-cold-launch, P6)

c=0.07509 in.

a/c=1.1855
Loads:

Strap load (cryo) f=19102 Ibf (Ref. Model 6-01)

Load per side on clevis Paxial = 19102/2 = 9551 Ibf
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Title

AMS-D2 Magnet Strap Clevis [Warm)

Section L-L

Tensile Stress

S3 = Paxial/D*T

53 =9551/0.7087*0.3622=37.209 ksi

This clevis is part of the Strap at Section L-L. (Ref. Drawing SCD0678, issue 07, Section

L-L)

This clevis is at room temperature (75F) for the Landing condition. The NASGRO
analysis uses the landing case spectrum at room temperature. The material data used is
from code AISI 316/316L of the NASGRO library, except that the UTS and YS are
changed as per the material property for the 316L S.S. as per OIE205 Rev.D, Page 25.

The landing spectrum is run for 3 missions with a scatter factor of 4. The final crack size
from the cold launch condition a= 0.08902 in, c=0.07509 in, and a/c = 1.1855 are used as

the initial crack sizes for this model.
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FATIGUE CRACK GROWTH ANALYSIS

DATE: 04/22/02 TIME: 15:13:11
(computed: NASGRO Version 3.0.4, Jan 2000.)
U.S. customary units [inches, ksi, ksi sqgrtlin)]

PROBLEM TITLE

L-L Lug With Warm Landing for AMS-02 Magnet Strxap
(Ref. Drawing SCD0678, issue 07, Section L-L)

Crack Growth Model: Non Interaction
Eguation/Table : NASGRO Equation

GEOMETRY

MODEL: CC03-Corner crack from hole in lug (2D).

Plate Thickness, t = 0.1810
Plate Width, W = 1.4960
Hole Diameter, D = 0.7087
FLAW SIZE: |User specified)
a linit.) = 0.83502E-D1 (Ref. The final crack sizes from
c linit.) = 0.7509E-01 Ll-clevis-cold-launch, Pagea 6)
a/c (init.) = 1l.186
MATERIAL
MATL 1: Edited file data ~2211
~2221
Material Header Info.:
Material 1 Data ID: F3KAl3AEBl
Alloy Description : ATSI 316/316L ~2611
Alloy Cond/HT : Ann sht & plt ~262
1
Product Form : ~2631
Environment : ~2641
Specimen Type
Specimen Orientation
Specimen Thickness
Specimen Width :
Specimen Test Fregquency
Data Reference
Material Properties:

:Matl: UTS : YS : Kle : Klc : Ak : Bk : Thk : Kec : Keac
. NO.: . . = - - - - .

1 : 327.6: 108.1: 280.0: 200.0: 1.00: 0.50: O0.1B1: 300.0:

Matl:-w-r—mm e Crack Growth Egn Constants -----------------——- :
: No.: C : n : p: g : DKo : Cth+ :Cth- :; Rel:Alpha:Smax/:
: : : : : : :SIGo

[Ref. OIE205 Rev.D, Page 25 for UTS and Y8 of 316L, 250mm thick)
L-L Lug With Warm Landing
MODEL: CCD3
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FATIGUE SCHEDULE BLOCK INPUT TABLE

one Block of Warm Landing

[Note: Stress = Input Value * Scale Factor]

Stregs Scaling Factors for Block Case: 1 |Name Block: LAND ONLY)

Scale Factor for Stress S83: 0.37209 |Raf. Warmclevis-ll.doc, Page 2)

Schedule info. was input manually
Total No. of Blocks in Schedule = 12
Block Number and Case Correspondences
Block Number Block Case No.
From - To
1 - 12 1

Stresses: Tension, bending or pin

L-L Lug With Warm Landing
MODEL: CCO03

FATIGUE SCHEDULE BLOCK INPUT TABLE

One Block of Warm Landing

SINGLE DISTINCT BLOCK

S M: NUMBER : 83 : S
T A: OF : :
E T: FATIGUE : :
P L CYCLES : tl) :  (t2) : tl) :  (t2)
1: 1: 1.00 : 100.00: 3.70 100.00 3.70
2: 1: 1.00 : 91.30: 4.20 91.30 4.,20:
3: 1: 3.00 : B2.60: 4.70 82.60 4.70:
4: 1: 3.00 ; 74.00: 5.20 74 .00 5.20
5: 1: 3.00 : 65.30: 5.70 65.30 5.70
6: 1: 3.00 : 56.60: 6.10 56.60 6.10
7: 1: 13.00 : 47.90: 6.60 47,90 5.60
8: 1: 148.00 39.20: 7.10 39.20 7.10
9: 1: 891.00 30.60: 7.60 30.60 7.60:
10: 1: 1273.00 : 21.90: 8.10 21.90 8.10:
11: 1: 2089.00 : 19.30: 8,20: 19,30 B.20
12: 1: 6581.00 : 17.50: 8.30 17.50 B.30
13: 1: 8701.00 - 15.80: 8.40 15.80 8.40

Environmental Crack Growth Check for Sustained Stresses
(Kmax less than Keac): NOT SET

L-L Lug With Warm Landing
MODEL: CCO03

FATIGUE SCHEDULE BLOCK STRESS TABLE
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One Block of Warm Landing

5 : M: NUMBER : 53 H 5
T = A: OF : :
E : T: FATIGUE H |ksi) : lksi)
P L CYCLES H t1l) : (t2) : (£1) :  (t2)
1: 1: 1.00 37.21 1.38: 0.00: 0.00;:
2: 1: 1.00 33.97 1.56: 0.00: 0.00
3: 1: 3.00 30.73 1.75: 0.00: 0.00
4: 1: 3.00 27.53 1.93: 0.00: 0.00
5: 1: 3.00 24.30 2.12; 0.00: 0.00
6: 1: 3.00 : 21.06: 2.27: 0.00; 0.00:
7: 1: 13.00 : 17.82: 2.46: 0.00: 0.00:
g: 1: 148.00 : 14.59; 2.64: 0.00: 0.00D:
9: 1: 891.00 : 11.39: 2.83: 0D.00: 0.00:
10: 1: 1273.00 : 8.15: 3.01: 0.00: 0.00
11: 1: 2099.00 : 7.18: 3.05: 0.00; D.00:
12: 1: 6581,00 - 6.51: 3.09: 0.00: 0.00:
13: 1: 8701.00 : 5.88 3.13: 0.00: 0.00:
Environmental Crack Growth Check for Sustained Stresces
|[Kmax less than Keac): NOT SET
L-L Lug With Warm Landing
MODEL: CCO03
ANALYSIS RESULTS:
Schdl Block Cycles Final Flaw Size K max
Step a o] a-tip c-tip
1 1 19720. 0.08920 0.07521 33.101 29.837
1 2 39440. 0.08537 0.07533 33.129 29.865
1 3 59160, 0.08855 0.07545 33.157 29.894
1 4 78B80. 0.08B973 0.07556 33.186 29,922
1 5 98600. 0.08391 0.07568 33.214 . 29.950
1 6 118320, 0.09008 0.07580 33.243 29.979
1 7 138040, 0.09026 0.07593 33.271 30.007
1 B 157760, 0.09044 0.07605 33.300 30.035
1 9 177480. 0.08062 0.07617 33.329 30.064
1 10 197200. 0.09081 0.07629 33.358  30.093
1 11 216920. 0.09099 10.07641 33.387 ° 30.122
1 12 236640, 0.09117 0.07654 33.416 30.151
FINAL RESULTS:
¢critical Crack Size has NOT bheen reached.
at Cycle No. 8701.00
of Load Step No. 13 Description: None
of Block No. 12
of Schedule No. 1
Crack Sizes: a = 0.911690E-01 , ¢ = 0.765366E-01 , a/c = 1.1912
Total Cycles = 236640.00
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Page/Section
LOCKHEED MARTIN jf No. 1
Sclence, Engineering, Analysls, & Test Drawing No.
Mechanical Systems Analysis Depariment.

SCDogs78

Title

AMS-02 Magnet Strap Clevis [Cryo)
Section M-M

Material;

T
eosfefe”

NASA/FLAGRO Crack case type:

Section Properties:
Design Clevis Thickness
Plate thickness

Plate width

Hole diameter

Crack Properties:

Loads:
Strap
Load

load (cryo)
per side on clevis

AISI316/316L (-452F)

CCD03

T=0.3543 in.
t=0.177 in.

(Ref. SCD0678, Sec. M-M)
(average thickness at
Sec. M-M)
w=1.5911n.
D =0.748 in.

a=0.05 in.
¢ =0.05in.

f=22099 Ibf (ref. Model 5-01 loads)
Paxial =22099/2 = 11050 1bf
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Cryoclevis_mm

4/22/02
Checked By Science, Engineering, Analysis, & Test Drawing No. SCD0878
g; L:\J ‘“-—'4- 2‘;‘“"‘:2/ Mechanical Systems Anolysis Depariment. |
Title AMS-02 Magnet Strap Clevis |Cryo)
Section M-M
Tensile Stress 53 = Paxial/D*T

53 =11050/0.748*0.3543 = 41.696 ksi

This clevis is part of the Strap at Section M-M. (Ref. Drawing SCDO0678, issue 07,
Section M-M)

This clevis is at cryogenic temperature (-452F) for Truck transportation, Air
transportation, On-Orbit, and Launch/Landing conditions. The NASGRO analysis uses
truck air, On-orbit and Launch/Landing case spectrums at cryo temperature. The material
data used is from code AISI 316/316L of the NASGRO library, except that the UTS and
YS are changed as per the material property for the 316L S.S. as per OIE205 Rev.D, Page

25.

The truck, air and on orbit spectrums are run for 1 mission with a scatter factor of 4 and
the Launch/Landing spectrum is run for 3 missions with a scatter factor of 4. Dye
penetrant inspection is used to inspect the clevis at Section M-M, and the special dye
penetrant crack sizes a = 0.05 in and ¢ = 0.05 in are used (ref. JSC22267A, table 2).
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FATIGUE CRACK GROWTH ANALYSIS

DATE: 04/02/02 TIME: 08:24:29
|computed: NASGRO Version 3.0.4, Jan 2000.)
U.3. customary units [inches, ksi, ksi sgrtlin)]

PROBLEM TITLE

M-M Lug With Cold Launch and Landing for AMS-02 Magmet Strap
[Ref. Drawing SCD0678,1lssue 07, Section M-M)

Crack Growth Model: Non Interaction
Equation/Table : NASGRO Equation

GEOMETRY

MODEL: CC03-Corner crack from hole in lug (2D).

Plate Thickness, t = 0.1770
Plate Width, W = 1.5910
Hole Diametexr, D = 0.7480

FLAW SIZE: |User specified)

Method of Inspection: Special Dye Penetrant
a (init.) 0.5000E-01

ol (init.) 0.50D0E-01

a/c [(init.) 1.000

i H un

MATERIAL

MATL 1: Edited file data ~2211
~2221
Material Header Info.:
Material 1 Data ID: F3KAL3LA2
Alloy Description : AISI 316/316L ~261
1
Alloy Cond/HT : Ann sht & plt ; -452F LHe
~2621
Product Form : ~2631
Environment : ~2641
Specimen Type
Specimen Orientation
Specimen Thickness
Specimen Width
Specimen Test Frequency
Data Reference

Material Properties:

:Matl: UTS : ¥YS : Kle : Kle : Ak : Bk : Thk : Kc : Keac
No. : : : : : : : :

1 : 203.1: 162.5: 280.0: 200.0: 1,00: 0.50: 0.177: 299.8:

Matli-—-=m— - Crack Growth Egn Constants ------------ - :
No.: c : n : p: o : DKo : Cth+ :Cth- : Rcl:Alpha:Smax/:
: : : : : : :SIGo
1 :0.220D-09:3.200:0.25:0.25: B8.00: 1.50: 0.10:0.70: 2.50: 0.30:
(Ref. OIE205 Rev.,D, Page 25 for UTS and Y5 of 316L, 250 mm thick)
M-M Lug With Cold Launch and Landing
MODEL: €CO3
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FATIGUE SCHEDULE BLOCK INPUT TABLE

Four Blocks of VCMAGNET

[Note: Stress = Input Value * Scale Factor]

Stregs Scaling Factors for Block Case: 1 IName Block: TRUCR3~VCMAGNET)
Scale Factor for Stress S3: 0.41696 |Ref. Cryoclevis_mm.doc, Page 2)
Stress Scaling Factors for Block Case: 2 (AIR3-VCMAGNET)

Scale Factor for Stress S3: 0.41696

Stress Scaling Factors for Block Cage: 3 |ONORBIT2-VCMAGNET)

Scale Factor for Stress S3: 0.41696

Stress Scaling Factors for Block Case: 4 |GSFC-VCMAGNET)

Scale Factor for Stress 53: 0.415696

Schedule info. was input manually

Total No. of Blocks in Schedule = 24

Block Number and Case Correspondences

Block Number Block Case No.
From - To
1 - 4 1
5 - 8 2
9 - 12 3
13 - 24 4

Stresses: Tension, bending or pin
M-M Lug With Cold Launch and Landing
MODEL: CCO03

FATIGUE SCHEDULE BLOCK INPUT TABLE

Four Blocks of VCMAGNET

BLOCK CASE NO. 1

S : M: NUMBER H 83 : S

T : A: OF : :

E : T: FATIGUE : :

p L CYCLES : (£1) - (t2) : (tl) : t2)
1: 1: 1757.00 36.70 5.60 36.70 5.60:
2: 1: 2148.00 30.10 6.40 30.10 6.40:
3: 1: 13668.00 25.50 6.90 25.50 6.90:
4: 1: 38857.00 21.90 7.30 21.90 7.30
5: 1: 110517.00 : 18.50: 7.50 19.50 7.50
6: 1: 150546.00 : 17.80: 7.70 17.80 7.70
7: 1: 195456.00 : 16.50;: 7.90 16.50 7.90
B: 1: 14400631.00 - 15.50: 7.90 15.90 7.90

Environmental Crack Growth Check for Sustained Stresses
(Kmax less than Keac): NOT SET
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BLOCK CASE NO. 2

S : M: NUMEER H 53 H S
T : A: oF :
E T FATIGUE N H '
P L CYCLES : (tl) - 1t2) B (tl) - [t2) H
1: 1 17832.00 43.10; 4.90 43 .10 4.90:
2: 1: 594.00 : 43.10: 4.90 43,10 4.90;
3: 1: 695448.00 22.60: 7.20: 22.60: 7.20:
4: 1 30.00 43.10: 4.90: 43.10: 4.90:
5: 1 17832.00 : 43.,10: 4.90 43,10 4.90;:
Environmental Crack Growth Check for Sustained Stresses
(Kmax less than Keac): NOT SET
BLOCK CASE NO. 3
S M NUMRER : s3 ' s
T : A OF :
E T: FATIGUE H 3
P L CYCLES : (el) :  (£2) : 1tl) :  1t2)
1: 1 34.00 14.10: B.50 14.10 B8.50:
2: 1 34.00 13.90: 8.50 13.90 B.50:
3: 1 60.00 13.70 8.50 13.70 §.50:
4: 1 179.00 : 13.50 8.50 13.50 8.50:
5: 1 117.00 14.10 8.50 14.10 B.50:
6: 1 414 .00 - 13.80 8.50 13.90 B.50:
7: 1 2404 .00 13.70 8.50 13.70 8.50;:
: 1 9789.00 13.50 B.50 13.50 8.50:
9: 1 62675.00 13.40 4.50 13.40 B.HO
Environmental Crack Growth Check for Sustained Stresses
(Kmax less than Keac): NOT SET
BLOCK CASE NO, 4
S : M: NUMBER : 53 : s
T H oF :
E T FATIGUE : :
P L CYCLES : (el) = (t2) : (tl) = 1t2)
1: 1: 2.00 96.10 3.90 96,10 3.90:
2: 1: 4.00 B8.10 4.30 88.10 4.30:
3: 1: B.00 80.00 4,80 B0O.0O 4.80:
4: 1: 15.00 = 72.00: 5.20 72.00 5.20:
5: 1: 49.00 64.00: 5.60 64.00 5.60:
6: 1: 81.00 - 55.90: 6£.00 55.90 6.00;
7: 1: 178.00 : 47.90: §.40 47.90 65.40:
8: 1: 641.00 38.90: 6,80 39.90 6.80:
9: 1: 3120.00 : 31.90: 7.20 31.90 7.20;
10: 1: 3405.00 23.80: 7.60 23.80 7.60:
11: 1: 5019.00 : 21.40: 7.80 21.40D 7.80:
12: 1: 28853.00 : 19.80: 7.80 19.80 7.80:
13: 1: 91655.00 18.20: 7.90 18.20 7.90

Environmental Crack Growth Check for Sustained Stresses
(Kmax less than Keac): NOT SET
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M-M Lug With Cold Launch and Landing
MODEL: CCOD3

FATIGUE SCHEDULE BLOCK STRESS TABLE

5 M NUMBER : 83 : S

T : A: OF : :

E : T: FATIGUE : lksi) : (ksi)

P L CYCLES : el) = (t2) : (£1) :  (t2)

1: 1: 1757.00 15.30 2.33: 0.00:

2: 1: 2148.00 12 .55 2.67: 0.00:

3; 1: 13668.00 10.63 2.88: 0.00:

4: 1: 3BB57.00 9.13: 3.04: 0.00:

5: 1: 110517.00 g8.13: 3.13: 0.00;

6: 1: 150546.00 7.42: 3.21: 0.00:

7: 1: 195456.00 : 6.88: 3.29: 0.00:

8: 1: 1440631.00 : 6.63: 3.29: 0.00;
Environmental Crack Growth Check for Sustained Stresses
(Kmax less than Keac): NOT SET
M-M Lug With Cold Launch and Landing
MODEL: CCO03
FATIGUE SCHEDULE BLOCK STRESS TABLE
Four Blocks of VCMAGNET

S : M: NUMBER H 53 : S

T = A: OF : :

E : T: FATIGUE : (ksi) : (ksi)

P L CYCLES : £l) :  (E2) : lel) - (£2)

1: 1 17832.00 17.97 2.04: 0.00:

2: 1: 594.00 : 17.97 2.04: 0.00:

3: 1: 695448.00 : 9.42: 3.00: 0.00:

4; 1: 30.00 = 17.97: 2.04: 0.00:

5: 1 17832.00 : 17.97: 2.04: 0.00:
Environmental Crack Growth Check for Sustained Stresses
|[Kmax less than Keac): NOT SET
M-M Lug With Celd Launch and Landing
MODEL: CCO03
FATIGUE SCHEDULE BLOCK S5TRESS TABLE
Four Blocks of VCMAGNET
S : M: NUMBER : 83 : S
T : A OF : :

E T: FATIGUE : [ksi) : lksi)
P L CYCLES : (tl) : (t2) : 1) : 1£2)

1: 1 34.00 5.88: 3.54: 0.00:

2: 1 34.00 5.80: 3.54: 0.00:

3: 1 60.00 5.71: 3.54: 0.00:

4. ] 179.00 5.63: 3.54: D.00

5: 1 117.00 5.88: 3.54: 0.00:

6: 1 414 .00 5.80: 3.54: 0.00;:

OO OO0 oo oo
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7:
8:
9:

1:
1:
1:

2404.00
9785.00
62675.00

MM-clevis-all-cold

5.71:
5.63;
5.59:

3.54:
3.54:
3.54:

0.00:
0.00:
0.00:

Environmental Crack Growth Check for Sustained Stresses
(Kmax legs than Keac): NOT SET

M-M Lug With Cold Launch and Landing

MODEL:

cco3

FATIGUE SCHEDULE BLOCK STRESS TAELE

NUMBER
OF

FATIGUE

CYCLES

D.0D:
0.00;
D.00:

O 00NN WY

10:
11:
12:
13:

Environmental Crack Growth Check for

15.00
49.00
8l.00
178.00
641.00
3120.00
3405.00
5019.00
2B853.00
91655.00

[Kmax less than Keac): NOT SET

Lo L Wt DB BN
e e e - .

M-M Lug With Cold Launch and Landing
MODEL: CCO03

ANALYSIS RESULTS:

Schdl

FERE R RRRRPRB PP PR

Block

Step

3N B = R B Y S N

i o
NoU s WN e o

Cycles

1953580.
3907160.
5860740.
7814320.
8546056,
89277792.
10009528,
10741264.
10816970.
10892676.
10968382.
11044088,
11177118.
11310148.
11443178.
11576208.
11709238.

OO o000 OoOCc O COoO oo o oo

a

.05014
.05028
.05042
.05057
.05597
.06215
.06932
.07774
.07774
.07774
.07774
.07774
.07829
.07884
.07941
.07997
.08055

CCOoOOOOoO OO oo oo ooDoDooo

Final Flaw Size

C

.05006
.05012
.05018
.05024
.05351
.05745
.06221
.06797
.06797
.06797
.06797
.06737
.06834
.06872
.06910
.069438
.06987

(=l en i an B an I e I v B8 e B o B oo I o B o B o B o

Sustained Stresses

o=l = e B e e Y e T e B Y e I e S s R e B s
o
o

K max

a-tip

.952
961
.969
.578
.356
.871
. 460
.173
.963
.963
.963
. 963
.830
. 928
.029
.130
.232

4/22/02

c-tip

.531
.544
.558
.572
.800
.373
.991
.708
.484
.484
.484
.484
.563
.665
.767
.B70
.974
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1 18 11842268. 0.08113 0.07027 34.336
1 19 11975298, 0.08172 0.07067 34.440
1 20 12108328. 0.08232 0.07108 34.546
1 21 12241358, 0.082922 0.07149 34.654
1 22 12374388. 0.08353 0.07191 34.762
1 23 12507418. 0.08B414 0.07233 34.872
1 24 12640448, 0.08477 0.07276 34.983

FINAL RESULTS:
Critical Crack Size has NOT been reached.

at Cycle No. 91655.00

of Load Step No. 13 Dezcription: None

of Block No. 24

of Schedule No. 1

Crack Sizes: a = 0.847666E-01 , ¢ = D0.727612E-01 , a/c =
Total Cycles = 12640448.

31

31

3l

.079
31.
31.
399
31.
31.
.729

185
292

508
6119

1.1650

4/22/02
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‘ Paye/Section
LOCKHEED MARTIN ﬁ No. 1

File Name
Coldclevis_mm

Science, Engineering, Analysls, & Test Drawing No.

Mechonical Systems Analysis Deparfment.

SCDo678

Title

AMS-02 Magnet Strap Clevis (Cryo)
Section M-M

Material:

NASA/FLAGRO Crack case type:
Section Properties:

Design Clevis Thickness

Plate thickness

Plate width
Hole diameter

Crack Properties:
Loads:

Strap load (cryo)
Load per side on clevis

AISI 316/316L (-452F)

CCo3

T=0.3543 in. (Ref. SCDD678, Sec. M-M)

t=0.177in. (average thickness at
Sec. M-M)

w=1.591 in.

D =0.748 in.

a=0.05 in.
c=0.05 in.

f=22099 Ibf (ref. Model 6-01 loads)
Paxial = 22099/2 = 11050 1bf




Prepared By|Name/Date Page/Section  |File Name
Saike Wang LOCKHEED MARTIN No. 2 Coldclevis_mm
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Checked By A Science, Engineering, Analysis, & Test Drawing No. SCDD678
é‘;’&"y L_J . , 23 J oy Mechanical Systems Analysls Department,
Title AMS-02 Magnet Strap Clevis (Cryo)
Section M-M
Tensile Stress S3 = Paxial/D*T

S3 =11050/0.748*0.3543=41.696 ksi

This clevis is part of the Strap at Section M-M. (Ref. Drawing SCD0678, issue 07,
Section M-M)

This clevis is at cryogenic temperature (-452F) for Truck transportation, Air
transportation, On-Orbit, and Launch conditions. The NASGRO analysis uses truck air,
On-orbit and Launch case spectrums at cryo temperature. The material data used is from
code AISI 316/316L of the NASGRO library, except that the UTS and YS are changed as
per the material property for the 316L S.S. as per OIE205 Rev.D, Page 25.

The truck, air and on orbit spectrums are run for 1 mission with a scatter factor of 4 and
the Launch spectrum is run for 3 missions with a scatter factor of 4. Dye penetrant
inspection is used to inspect the clevis at Section M-M, and the special dye penetrant
crack sizes a= 0.05 in and ¢ = 0.05 in are used (ref. JISC22267A, table 2).
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FATIGUE CRACK GROWTH ANALYSIS

DATE: 04/02/02 TIME: 09:32:10
lcomputed: NASGRO Version 3.0.4, Jan 2000.)
U.S. customary units [inches, ksi, ksi sqgrtlin)]

PROBLEM TITLE

M-M Lug With Cold Launch for AMS-02 Magnet Strap
|Ref. Drawing SCD0678, issue 07, Section M-M)

Crack Growth Model: Non Interaction
Equation/Table : NASGRO Equation

GEOMETRY

MODEL: CC03-Corner crack from hole in lug (2D).

Plate Thickness, t = 0.1770
Plate Width, W = 1.5910
Hole Diameter, D = 0.7480

FLAW SIZE: |User specified)

Method of Inspection: Special Dye Penetrant
a linit.) = 0.5000E-01

ol (init.) = 0.5000E-01

a/¢c linit.) = 1.000

MATERIAL

MATL 1: Edited file data ~2211
~2221

Material Header Info.:

Material 1 Data ID: F3KAL13LA2

Alloy Description : AIST 316/316L

~2611
Alloy Cond/HT : Ann sht & plt ; -452F LHe
~2621
Product Form : ~2631

Environment : ~2641
Specimen Type

Specimen Orientation

Specimen Thickness

Specimen Width

Specimen Test Freguency

Data Reference

Material Properties:

:Matl: UTS : Y8 : KRle : Kle : Ak : Bk : Thk : Ke : Keac
:NO.: . - . . . .

1 : 203. 1 162.5: 280.0: 200.0: 1.00: 0.50: 0.177: 299.8:

Matgl:————-=-r—————=- Crack Growth Egn Constants —-----————==~-—-——~=-- :
: No.: c : n : p: g: DKo : Cth+ :Cth- ; Rel:Alpha:Smax/:
: : : : : : : :8IGo
1 0 220D-09: 3 200: U 25: D 25 8.00: 1.50: 0.10: D 70 2.50: 0.30:
|IRef. OIE205 Rev. D, Page 25 for UTS and ¥YS of 316L, 250 mm thick)
M-M Lug With Only Cold Launch
MODEL: CCO03
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FATIGUE SCHEDULE BLOCK INPUT TABLE

Four Blocks of VCMAGNET

[Note: Stress = Input Value * Scale Factor]

Stress Scaling Factors for Block Case: 1 (Name Block: TRUCK3-VCMAGNET)
Scale Factor for Stress S3: 0.41685 (Ref. Coldclevis mm.doc, Pagel)
Stress Scaling Factors for Block Case: 2 [ATIR3-VCMAGNET)

Scale Factor for Stress S3: 0.41695

Stress Scaling Factors for Block Case: 3 [ONORBIT2-VCMAGNET)

Scale Factor for Stress 8£3: 0.41695

Stress Scaling Factors for Block Case: 4 (LIFTOFF-ONLY)

Scale Factor for Stress S$S3: 0.41695

Schedule info. was input manually

Total No. of Blocks in Schedule = 24

Block Number and Cage Corregpondences

Block Number Block Case No.
From - To

1 - 4 1

5 - 8 2

9 - 12 3

13 - 24 4

Stregses: Tengion, bending or pin

M-M Lug With Only Cold Launch
MODEL: CCO03

FATIGUE SCHEDULE BLOCK INPUT TABLE

Four Blocks of VCMAGNET

BLOCK CASE NO. 1

5 : M: NUMBER : 83 : 5

T : A QF : H

E : T: FATIGUE H H

p L CYCLES : (£l) : [£2) : lel) (t2)
1: 1 1757.00 36.70 5.60 36.70 5.60:
2: 1 2148.00 30.10 6.40 30.10 6.40:
3: 1 13668.00 25.50 6.90 25.50 6.90
4: 1 38857.00 - 21.90 7.30 21.90 7.30
5: 1 110517.00 : 19.50: 7.50 19.50 7.50
6: 1 150546.00 : 17.80: 7.70 17.80 7.70:
7: 1: 195456.00 : 16.50: 7.90: 16.50 7.90:
8: l: 1440631.00 : 15.80: 7.90: 15.90: 7.90:

Environmental Crack Growth Check for Sustained Stresses

|Kmax less than Keac): NOT SET
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BLOCK CASE NO. 2

NUMBER
OF

FATIGUE

CYCLES

554.
695448,
30.
17832.

MM-clevis-cold-launch

53

(tl)

(t2)

(1)

£2)

Environmental Crack Growth Check for Sustained Stresses

(Kmax lesg than Keacg):

BLOCK CASE NO. 3

== o B B I S R N
L S T R T

ol el e e N YRy

NUMBER
OF

FATIGUE

CYCLES

NOT SET

83

(t1)

t2)

[avioagloa el ie=REss TN cRNe o]

(tl)

(t2)

Environmental Crack Growth Check for Sustained Stresses

[Kmax less than Keacg):

BLOCK CASE NO. 4

[t=]

10:
11:
12:
13:

W ~J oy Al WP

e el el o ey ey ey

NUMBER
OF

FATIGUE

CYCLES

12.
46,
78.
165.
493.
2229.
2132,
2920.
22272,
82954 .

NOT SET

53

1t1)

1t2)

NN ddd ooy A W

(£1)

(£2)

Environmental Crack Growth Check for Sustained Stresses

|[Kmax less than Keac):

NOT SET

o0 0 00 @0 Q0 OO o 0O OO

NN NN oy O s s W
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M-M Lug With Only Cold Launch
MODEL: CCO03

FATIGUE SCHEDULE BLOCK STRESS TABLE

L=l v I e e I e [ e Y o I s |
e e e e s

S : M: NUMBER : 53 : 38

T 7 A: OF : :

E :T FATIGUE : (ksi) : lksi)

P : L CYCLES : tl) -  (t2) : (t1l) : 1t2)

1: 1: 1757.00 15.30 2.33: 0.00:

2: 1: 2148.00 12.55: 2.67: 0.00:

3: 1: 13668.00 10.63; 2.88: 0.00:

4;: 1: 38857.00 9.13: 3.04: 0.00:

5: 1: 110517.00 8.13: 3.13: 0.00:

6: 1: 150546.00 : 7.42; 3.21: 0.00:

7: 1: 195456.00 : 6.88: 3.29; 0.00:

8: 1: 1440631.00 : 6.63: 3.29: 0.00:
Environmental Crack Growth Check for Sustained Stresses
[Kmax less than Keac): NOT SET
M-M Lug With Only Cold Launch
MODEL: CCO03
FATIGUE SCHEDULE BLOCK STRESS TABLE
Four Blocks of VCMAGNET

5 : M: NUMEBER : 53 : S

T : A OF H H

E T FATIGUE : lkgi) : (ksi)

P L CYCLES : t1) «  (t2) : (tl) :  (£2)

1: 1 17832.00 - 17.97: 2.04: 0.00:

2: 1: 594.00 : 17.97: 2.04: 0.00:

3: 1: 695448.00 9.42; 3.00;: 0.00:

4: 1 30.00 17.97: 2.04; 0.00:

5: 1 17832.00 : 17.97: 2.04: 0.00:
Environmental Crack Growth Check for Sustained Stresses
(Kmax less than Keac): NOT SET
M-M Lug With Only Cold Launch
MODEL: CCO03
FATIGUE SCHEDULE BLOCK STRESS TABLE
Four Blocks of VCMAGNET

s M NUMBER : S3 : s

T : A: OF :

E : T: FATIGUE : lksi) : lksi)

P : L CYCLES : 1£l) - 1£2) H (tl) : [£2)

1: 1: 34.00 5.88: 3.54: 0.00

2: 1: 34.00 5.80: 3.54: 0.00:

3: 1: 60.00 5.71 3.54: 0.00:

4: 1: 179.00 5.63: 3.54: 0.00:

5: 1: 117.00 5.88: 3.54: 0.00:

6: 1: 414.00 5.80: 3.54: 0.00:
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7: 1: 2404.00
8: 1: 9789.00
9: 1: 62675.00

MM-clevis-cold-launch

5.71:
5.63:
5.59;

3.54: 0.00:
3.54: 0.00:
3.54: 0.0D:

Environmental Crack Growth Check for Sustained Stresses

(Kmax less than Keac):

NQT SET

M-M Lug With Only Cold Launch

MODEL: CCD03

FATIGUE SCHEDULE BLOCK STRESS TAELE

Four Blocks of VCMAGNET

S : M: NUMEBER

T : A: OF

E : T: FATIGUE

P : Lk CYCLES
1: 1: 1.00
2: 1: 3.00
3: 1: 5.00
4: 1: 12.00
5; 1: 46 .00
6: 1 78.00
7: 1: 165.00
8: 1: 493.00
9: 1: 2229.00
10: 1: 2132.00
11: 1: 2920.00
12: 1: 22272.00
13: 1: 82954 .00

Environmental Crack Growth Check for
[Kmax less than Keac):

83

lksi)

(tl)

NOT SET

M-M Lug With Only Celd Launch

MODEL: CCO03

ANALYSIS RESULTS:

Schdl BEBlock
Step
1 1
1 2
1 3
1 4
1 5
1 6
1 7
1 B
1 9
1 10
1 11
1 12
1 13
1 14
1 15
1 16

Cycles

1953580,
3907160.
5B60740.
7814320.
B546056.
9277792,
10009528.
10741264.
10816970.
10892676.
10968382.
11044088.
11157398,
11270708.
11384018,
11457328,

OO o000 oOooOC0CcoOCCOoOo0oc oo

S
lksi)
(£2) : (tl)

1.63: 0.00:
1.79 0.00;:
2.00 0.00:
2.17: 0.00:
2.33 0.00:
2.50: 0.00;:
2.67: 0.00;
2.84: 0.00:
3.00: 0.00:
3.17 0.00:
3.25 0.00
3.25 0.00:
3.29 0.00D

Sustained Stresses

Final Flaw Size

a o
.05014 0.05006 10
.05028 0.05012 10
.05042 0.05018 10
.05057 0.05024 10
.05597 0.05351 13
.06215 0.05745 13
.06932 0.06221 14
-07774 0.06737 15
.07774 0.06797 4.
.07774 0.06797 4.
,07774 0.06797 4.
07774 0.06737 4.
.07817 0.06827 33
.07861 0.06856 33
.07905 0.06886 33
.07950 0.06917 34

a-

0.00:
0.00:
D.0D:

1£2)

COoOCoC OO oOCcCOoOCOCODo oo
o
o

K max
tip

.952
.960
.969
.971
.358
.B71
.460
172

963
963
963
963

.827
.905
. 985
L0865

4/22/02

c-tip

W o WO

.531
.544
.558
.572
.B0O
.373
.991
.708
.484
.484
.484
.484
.561
.64l
.722
.BD3
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1 17 11610638. 0.07995 0.06947 34.145 30.885
1 18 11723948. 0.08041 ©0.06978 34.227 30.967
1 19 11837258. 0.0B085 0.07010 34.309 31.050
1 20 11950568. 0.08133 0.07041 34.382 31.133
1 21 12063878. 0.08179 0.07073 34.475 31.217
1 22 12177188. 0.08227 0.07105 34.559 31.302
1 23 12250498. 0.08274 0.07138 34.645 31.387
1 24 12403808. 0.08322 D0.07171 34.731 31.473

FINAL RESULTS:

tritical Crack Size has NOT baen reached.

at Cycle No. 82954.00

of Load Step No. 13 Description: None

of Block No. 24

of Schedule No. 1

Crack Sizes: a = 0.832220E-01 , c = 0.717118E-01 , a/c = 1.1605

Total Cycles = 12403B808.



Prepared By Name/Date ’ar Page/Section [File Name.
f;e\zl;;zo\éVang LOCKHEED MARTIN No. 1 Warmclevis_mm
heck e~ Science, Engineering, Analysis, &| Drawing No. SCDD678
C ec ed By Z‘?LAJ ‘“M Test
4' 1.-3" 4 Mechanical Systems Analysis Departmant.
Title AMS-02 Magnet Strap Clevis (Warm)
Section M-M
CcCo3
Piwt
e M o
W ——»
P
- S3= il
7 Dt
¢/
\\_ P._.~
Material: AISI 316/316L (75F)

NASA/FLAGRO Crack case type:

Section Propertics:
Design Clevis Thickness
Plate thickncss

Plate width
Hole diameter

Crack Propertics:

Loads:
Strap load (warm)
Load per side on clevis

CC03

T=0.3543 in.
t=0.177 in.

w=1.591in.
D =0.748 in.

(Ref. SCD0678, Sec. M-M)
(average thickness at
Sec. M-M)

a=0.08322 in. (Ref. MM-clevis-cold-launch, P6)

c=0.07171 in.

a/c= 1.1605

[=19102 Ibf (Ref. Model 6-01 loads)
Paxial = 19102/2 = 9551 lbf




Prepared By|Name/Date Page/Section
Saiks Wang LOCKHEED MARTIN ﬁ No. 2

File Name
Warmelavis_mm

4/22/02
Checked By C:‘;‘L&_J Ry ;“gi:nca, Engineering, Analysis, k| Drawing No. SCD0s78
4./ z;/o-&- Mechanical Systems Analy#is Department.
Title AMS-02 Magnet Strap Clevis |Warm)
Section M-M
Tensile Stress S3 = Paxial/D*T

53 =9551/0.748*0.3543 = 36.039 ksi

This clevis is part of the Strap at Section M-M. (Ref. Drawing SCD0678, issue 07,
Section M-M)

This clevis is at room temperature (75F) for the Landing condition. The NASGRO
analysis uses the landing case spectrum at room temperature. The material data used is
from code AISI 316/316L of the NASGRO library, except that the UTS and YS are
changed as per the material property tor the 316L S.S. as per OIE205 Rev.D, Page 25.

The landing spectrum is run for 3 missions with a scatter factor of 4. The final crack size

from the cold launch condition a= 0.08322 in, ¢=0.07171 in, and a/c = 1.1605 are used
as the 1nitial crack sizes for this model.




Saike Wang MM-clevis-warm-landing 4/22/02

FATIGUE CRACK GROWTH ANALYSIS

DATE: 04/02/02 TIME: 10:56:07
(computed: NASGRO Version 3.0.4, Jan 2000.)
U.8. customary units [inches, ksi, ksi sgrt(in))

PROBLEM TITLE

M-M Lug With Warm Landing for AMS-02 Magnat Strap
|IRef. Drawing SCD0678, issue 07, Section M-M)

Crack Growth Model: Non Interaction
Equation/Table : NASGRO Eguation

GEOMETRY

MODEL: CC03-Corner crack from hole in lug (2D).

Plate Thickness, t = 0.1770
Plate Width, W = 1.5910
Hole Diameter, D = 0.7480

FLAW SIZE: (User specified)

a {init.) = 0.0832 (Ref. The final crack gizes from
c [init.) = 0.0717 MM-clevis-cold-launch, Page 6)
a/c |init.) = 1.1681

MATERTAL
MATL 1: Edited file data ~2211

~2221

Material Header Info.:

Material 1 Data ID: F3KA13AB1

Alloy Description : AISI 316/316L ~261

1
Alloy Cond/HT : Ann sht & plt
~2621

Product Form : ~2631

Environment : ~2641

Specimen Type

Specimen Orientation ;

Specimen Thickness

Specimen Width

Specimen Test Fregquency :

Data Reference

Material Properties:

:Matl: UTS : Y8 : Kle : Klc : Ak : Bk : Thk : Kc : Keac
N0¢: . - - - . - - -

1 : 127.6:; 108.1: 280.0: 200.0: 1.00:; 0.50: 0.177: 300.0:

Matl;-—~—--=--————=~ Crack Growth Egn Constants ---————=---———we—w-
No.: C : n : P : o : DKo : Cth+ :Cth- : Rcl:Alpha:Smax/:
- - - - - . - :SIGO

1 :0.220D-09:3.200:0.25:0.25: 3.50: 1.50: 0.10:0.70: 2.50: 0.30;
[Ref. OIE205 Rev.D, Page 25 for UTS and YS of 316L, 250mm thick)
M-M Lug With Warm Landing
MODEL: CCO03
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FATIGUE SCHEDULE BLOCK INPUT TABLE
One Block of Warm Landing
[Note: Stress = Input Value * Scale Factor]

Stress Scaling Factors for Block Case: 1 IName Block: LAND_ONLY)

Scale Factor for Stress S3: 0.36038 [Ref. Warmclevis-mm.doc, Pages 2)

Schedule info. was input manually
Total No. of Blocks in Schedule = 12
Block Number and Case Correspondences
Block Number Block Case No.
From - To
1 - 12 1

Stresses: Tension, bending or pin

M-M Lug With Warm Landing
MODEL:; CCO03

FATIGUE SCHEDULE BLOCK INPUT TABLE

One Block of Warm Landing

SINGLE DISTINCT BLOCK

5 M NUMBER : S3 : S
T : A: QF H H H
E T FATIGUE : : :
P L CYCLES : ltl) : 1£2) : £l) : (£2) :
1: 1 1.00 100.00 3.70 100.00 3.70:
2: 1 1.00 91.30 4.20 91.30 4.20
3: 1 3.00 82.60 4.70 82.60 4.70:
4: 1 3.00 74.00 5.20 74.00 5.20:
5: 1 3.00 65.30 5.70 65.30 5.70:
6: 1 3.00 56.60 6.10 56.60 6.10
7: 1 13.00 : 47.90 6.60 47.30 6.60:
8: 1 148.00 - 39.20: 7.10 39.20: 7.10:
9: 1 891.00 : 30.60: 7.60 30.60 7.60:
10: 1 1273.00 : 21.90: 8.10 21.90 8.10:
11: 1 2099.00 - 19.30: 8.20 19.30 8.20:
12: 1 6581.00 - 17.50: B8.30 17.50 8.30:
13: 1 8701.00 15.80: 8.40 15.80 8.40:

Environmental Crack Growth Check for Sustained Stresses
(Kmax less than Keac): NOT SET

M-M Lug With Warm Landing
MODEL: CCO03

FATIGUE SCHEDULE BLOCK STRESS TAELE
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One Block of Warm Landing

g + M: NUMBER H S3 H 5
T : A: oF H :
E T: FATIGUE H (ks1) H (ksi)
P L CYCLES : itl) :  (t2) : 1tl) :  (t2)
1: 1: 1.00 36.04 1.33: 0.00;: 0.00:
2: 1: 1.00 32.90 1.51: 0.00: 0.00¢
3: 1: 3.00 29.77 1.69: 0.00: 0.00:
4: 1: 3.00 26.67 1.87: 0.00: 0.00:
5: 1: 3.00 23.53 2.05: 0.00: 0D.00:
6: 1: 3.00 : 20.40: 2.20: 0.00: 0.00:
7: 1: 13.00 : 17.26: 2.38: 0.00: 0.00:
8: 1: 148.00 : 14.13: 2.56: 0.00: 0.00:
9: 1: 891.00 : 11.03: 2.74: 0.00: 0.003
10: 1: 1273.00 : 7.89;: 2.92: 0.00: 0.00:
11: 1: 2099.00 - 6.96: 2.96: 0D.00: 0.00:
12: 1: 6581.00 6.31: 2.99: 0.00: 0.00:
13: 1: 8701.00 : 5.69: 3.03: 0.00 0.00:
Environmental Crack Growth Check for Sustained Stresses
|[Kmax less than Keac): NOT SET
M-M Lug With Warm Landing
MODEL: CCO03
ANALYSIS RESULTS:
Schdl Block Cycles Final Flaw Size K max
Step a c a-tip c-tip
1 1 19720. 0.08336 0.07180 31.315 28.385
1 2 39440. 0.08351 0.07190 31.337 28.409
1 3 59160. 0.08365 0.07199 31.360 28.433
1 4 74880. 0.0B3B0 0.07208 31.382 28.4556
1 5 98600, 0.083%4 0.07218 31.404 28.480
1 6 118320. 0.084095 0.07227 31,427 28.504
1 7 138040. 0.08423 0.07237 31,449 28.528
1 8 157760. 0.08438 0.07246 31.472 28.552
1 9 177480. 0.08452 0.07256 31.495 28.576
1 10 197200. 0.08467 0.07265 31.517 28.600
1 11 216920, 0.08482 0.07275 31.540 . 28.624
1 12 236640. 0.08B497 0.07285 31.563 28.648
FINAL RESULTS:
Critical Crack Size has NOT been reached.
at Cycle No. B701.00
of Load Step No. 13 Degcription: None
of Block No. 12
of Schedule No. 1
Crack Sizes: a = 0.B49651E-01 , ¢ = 0.72B462E-01 , a/c = 1.1664

Total Cycles = 236640.00



